Multibody aircraft study, volume 2 by Bronson, C. E., Jr. et al.
- .I - , 
NASA Contractor Report 165829 
NASA-CR-165829-VOL-2 
19820024469 
MUL TIBODY AIRCRAFT STUDY 
APPENDIXES-VOLUME II 
J. W. Moore; E. P. Craven; 
B. T. Farmer; J. F. Honrath; 
R. E. Stephens; R. T. Meyer 
LOCKHEED-GEORGIA COMPANY 
A Division of Lockheed Corporation 
Marietta, Georgia 30063 
Contract No. NASl-15927 
JULY 1982 
NI\S/\ 
National Aeronautics and 
Space Administration 
Langley Research Center 
Hampton, Virginia 23665 
liBRARY COpy 
U NGLEY RESEARCH CteNTER 
UBJ'lARY, NASA 
H/\"~?TON, VIRGINIA 






NASA Contractor Report 165829 
MUL TIBODY AIRCRAFT STUDY 
APPENDIXES-VOLUME II 
J. W. Moore; E. P. Craven; 
B. T. Farmer; J. F. Honrath; 
R. E. Stephens; R. T. Meyer 
LOCKHEED-GEORGIA COMPANY 
A Division of Lockheed Corporation 
Marietta, Georgia 30063 
Contract No. NAS 1-15927 
JULY 1982 
NJ\SI\ 
National Aeronautics and 
Space Administration 
Langley Research Center 
Hampton, Virginia 23665 
This Page Intentionally left Blank 





TABLE OF CONTENTS 
Title 
FOREWORD 
LIST OF FIGURES 
SUMMARY 
INTRODUCTION 
POINT DESIGN AIRCRAFT DEFINITION 
2.1 Design Requirements 
2.1.1 Performance Requirements 
2.1.2 Configuration Requirements 
2.1.3 Economic Guidelines 
2.2 Advanced Technology Application 
2.2.1 Aerodynamics 
2.2.2 Structures and Materials 
2.2.3 Stability and Control 
2.2.4 Propulsion 








Spanwise Thickness Distribution 
Wing Span Efficiency and Load 
Distribution 
Empennage Sweep and Thickness 
Component Drag BUlldup 
High Lift System Description 
2.3.3 Stability and Control 
2.3.4 RDT&E and Production Cost 
2.3.4.1 Development CERs 



























TABLE OF CONTENTS (Cont'd) 
Section Title 
2.3.4.3 Point Design Estimates 
2.4 Aircraft Sizing 
2.5 Initial Point Design Aircraft 
2.5.1 Two-Body MB1 and MB2 Aircraft 
2.5.2 Three-Body MB3 Aircraft 
2.5.3 Single Body Reference SBR Aircraft 
2.6 Configuration Trade Studies 
2.6.1 Engine Location 
2.6.2 Empennage Configuration 
2.6.3 Wing Sweep 
2.6.4 Fuselage Location - Three-Body Aircraft 








Wing Thickness Distribution 
Span Efficiency and Spanload 
Distribution 
Cruise Drag Polars 
Takeoff Drag Polars 
Takeoff Distance 
Mission Performance 























































Weight, Balance, and Moment of 
Inertia 







Requirements and Design Approach 
Aircraft Noise Source 
Aircraft FAR 36 Performance 
Aircraft Noise Levels 
Stage 3 Compliance Design 
FAR 36 Compliance vs Aircraft Slze 
2.7.5 Configuration Design 
2.7.5.1 Landing Gear Concept 




Direct Operating Cost 
SENSITIVITY STUDIES 
3.1 Cruise Power Setting 
3.2 Payload Parametric 
3.3 Body Location Sensitivity 
3.4 Fuel Price Sensitivity 
3.5 Nonstandard Container 
FINAL AIRCRAFT DEFINITIONS 
BENEFIT SUMMARY 
5.1 Weight Comparison 
5.2 Stability and Control Comparisons 
5.3 Fly-Away and Direct Operating Cost Comparisons 
5.4 Operational Comparison 





























TABLE OF CONTENTS (Cont'd) 
Section Ti tIe 
6.0 CONCLUSIONS 
7.0 RESEARCH AND TECHNOLOGY RECOMMENDATIONS 




Phase I Semispan High Speed Testing 
Phase II Full Span Model High Speed Test 
Full Span Low Speed Testing 
7.2 Transonlc Code Development 
7.3 Flight Simulation 
7.4 Structures 
LIST OF SYMBOLS/ABBREVIATIONS 
REFERENCES 
STANDARD FORM 
APPENDIXES (VOLUME II) 
LIST OF FIGURES 
A. FUSELAGE SIZING AND SELECTION 
A.1 Introduction 
A.2 Sizing Requlrements 
A.3 Multibody Fuselage Sizing 
A.4 Preliminary Fuselage Selection 
A.5 Final Fuselage Selection 
A.6 Oval Shape Fuselage Analysis 
A.7 Single Body Fuselage Sizing and Selection 





















TABLE OF CONTENTS (Cont'd) 
Section Ti tle 
C. WING PLANFORM AND BODY SPANWISE LOCATION SELECTION 
D. 
E. 
C.1 Preliminary Wing Planform Definition 
Studies 
C. 1. 1 
C. 1.2 
C. 1. 3 
C.1.4 
C. 1. 5 
C. 1.6 
Wing Performance 
Wing Structural Eff~ciency 
Control Force Requirements 
Ride Quality Problems 
Landing Gear/Airframe Integration 
Conclusions 
C.2 Wing Planform Selection 
C.3 Body Spanwise Location Selection 
FLUTTER ANALYSIS 
FLIGHT SIMULATOR DATA PACKAGE 








































LIST OF FIGURES 
(APPENDIXES) 
Title 
Fuselage Constant Dimensions 
Fuselage Sizing and Selection - Multibody 
Effect of Mach Number on Fuselage Fineness Ratio 
(Uncambered) 
Fuselage X-Sections - Conventional 
Cargo Compartment-Two-Body Conventional Fuselage 
Cargo Compartment-Three-Body Conventional Fuselage 
Fuselage X-Sections - Oval 
Cargo Compartment-Two-Body Oval Fuselage 
Cargo Compartment-three-Body Oval Fuselage 
Fuselage Data Summary - Three-Body 
Fuselage Data Summary - Two-Body 
Fuselage Study - Two-Body Aircraft Data Summary 
Fuselage Study - Three-Body Aircraft Data Summary 
Section Weight Factor Vs cargo Sticks 
Oval Fuselage Cross-Section Shape Comparison 
Fuselage Summary Data 
Oval Fuselage Weight Vs Constant Section Floor Beam Depth 
Fuselage Sizing and Selection - Single Body Reference 







































LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Title 
Double-Lobe Fuselage Data - Single Body Reference 
Fuselage Data Summary - Single Body Reference 
Aircraft Data Summary - Single Body Reference 
Aircraft Fuselage Selection Summary - Single Body 
Reference 
Hess Models for Aerodynamic Loading Prediction 
Effect of Fuselage Location on Spanwise Loading 
Hess and Vortex Lattice Span Loading Comparison 
for Two-Body Configuration 
Wing Efficiency Comparison - Hess and Vortex Lattice 
Derivation 
Body Induced Incremental Span Loading Parameter - Two, 
Two-Body Configurations 
Incremental Span Loading Parameter Comparison -
Two-Body Configuration 
Span Loading Comparisons - Two-Body Configurations 
Wing Efficiency Comparison - Single and Two-Body 
Configurations 
Wing Efficiency - Two-Body Configuration 
Wing Efficiency - Three-Body Configuration 
General Arrangement - Two-Body Aircraft 
General Arrangement - Three-Body Aircraft 






































LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Title 
Section Lift Coefficients - Estimated 
Wing Bending Moment - 258,000 kg (568,793 lb) 
Two-Body Oval Fuselage 
Wing Cover Loads - 258,000 kg (568,793 lb) 
Two-Body Oval Fuselage 
Wing Cover Thickness Distribution - 258,000 kg 
(568,793 lb) Two-Body Oval Fuselage 
Moment of Inertia Envelopes - Two-Body Aircraft 
Oval Fuselage 
Minimum Tread Width Gear Concept - Two-Body Aircraft 
Configuration Comparison - Minimum Width Gear Tread 
Body Location Effects - 258,000 kg (568,793 lb) 
Two-Body Aircraft 
Wing Plan form Variations 
Wing Plan form Comparison - Two-Body Aircraft 
Wing Planform Comparison - Three-Body Aircraft 
Typical Runway Offset Maneuver - Pure Bank for Turn and 
Displacement 
Lateral Control Effectiveness and Inertias - Two-
Body Aircraft 
Roll Acceleration - Two-Body Aircraft 
Roll Time Histories - Two-Body Aircraft 
Sidestep Maneuver Capability - Two-Body Aircraft 



































LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Title 
Doublet Lattice Panel Arrangement Singlebody 
Reference SBR Aircraft 
Doublet Lattice Panel Arrangement Two-Body 
MB 1 Aircraft 
Doublet Lattice Panel Arrangement Two-Body MB2 Aircraft 
Doublet Lattice Panel Arrangement Three-Body 
MB3 Aircraft 
Displacement Vectors - Symmetric Mode No. 1 - Two-Body 
MB2 Alrcraft 
Displacement Vectors - Symmetric Mode No.2 - Two-Body 
MB2 Aircraft 
Displacement Vectors - Symmetric Mode No.3 - Two-Body 
MB2 Aircraft 
Displacement Vectors - Symmetric Mode No.4 - Two-Body 
MB2 Aircraft 
Displacement Vectors - Symmetric Mode No. 5 - Two-Body 
MB2 Aircraft 
Displacement Vectors - Symmetric Mode No.6 - Two-Body 
MB2 Aircraft 
Displacement Vectors - Symmetric Mode No.7 - Two-Body 
MB2 Aircraft 
Displacement Vectors - Symmetric Mode No.8 - Two-Body 
MB2 Aircraft 
Displacement Vectors - Symmetric Mode No.9 - Two-Body 
MB2 Aircraft 
Dlsplacement Vectors - Symmetric Mode No. 10 - Two-Body 
MB2 Aircraft 


















LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Figure Title Page 
D-16 Displacement Vectors - Symmetric Mode No. 12 - Two-Body 78 
MB2 Aircraft 
D-17 Displacement Vectors - Symmetric Mode No. 13 - Two-Body 79 
MB2 Alrcraft 
D-18 Displacement Vectors - Symmetric Mode No. 14 - Two-Bod y 80 
MB2 Aircraft 
D-19 Displacement Vectors - Symmetric Mode No. 15 - Two-Body 81 
MB2 Aircraft 
D-20 Displacement Vectors - Antisymmetric Mode No. 1 - 82 
Two-Body MB2 Aircraft 
D-21 Displacement Vectors - Antisymmetric Mode No.2 - 83 
Two-Body MB2 Aircraft 
D-22 Displacement Vectors - Antlsymmetric Mode No. 3 - 84 
Two-Body MB2 Alrcraft 
D-23 Displacement Vectors - Antisymmetric Mode No.4 - 85 
Two-Body MB2 Aircraft 
D-24 Displacement Vectors - Antisymmetric Mode No. 5 - 86 
Two-Body MB2 Aircraft 
D-25 Displacement Vectors - Antisymmetric Mode No. 6 - 87 
Two-Body MB2 Aucraft 
D-26 Displacement Vectors - Antisymmetric Mode No.7 - 88 
Two-Bod y MB2 Aircraft 
D-27 Displacement Vectors - Antlsymmetric Mode No.8 - 89 
Two-Body MB2 Aircraft 
D-28 Displacement Vectors - Antisymmetric Mode No.9 - 90 
Two-Body MB2 Aucraft 
D-29 Dlsplacement Vectors - Antisymmetric Mode No. 10 - 91 
Two-Body MB2 Aircraft 
D-30 Dlsplacement Vectors - Antisymmetric Mode No. 11 - 92 
Two-Body MB2 Alrcraft 
xv 
LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Figure Title Page 
D-31 Displacement Vectors - Antisymmetric Mode No. 12 - 93 
Two-Body MB2 Aircraft 
D-32 Dlsplacement Vectors - Antisymmetric Mode No. 13 - 94 
Two-Body MB2 Alrcraft 
D-33 Dlsplacement Vectors - Antisymmetric Mode No. 14 - 95 
Two-Body MB2 Aircraft 
D-34 Displacement Vectors - Antisymmetric Mode No. 15 - 96 
Two-Body MB2 Aircraft 
D-35 Displacement Vectors - Symmetric Mode No. 1 - Two-Body 97 
MB2 Aircraft 
D-36 Displacement Vectors - Symmetric Mode No.2 - Two-Body 98 
MB2 Aircraft 
D-37 Dlsplacement Vectors - Symmetric Mode No.3 - Two-Body 99 
MB2 Aircraft 
D-38 Displacement Vectors - Symmetric Mode No. 4 - Two-Body 100 
MB2 Aircraft 
D-39 Dlsplacement Vectors - Symmetric Mode No. 5 - Two-Body 101 
MB2 Aircraft 
D-40 Displacement Vectors - Symmetric Mode No. 6 - Two-Body 102 
MB2 Aircraft 
D-41 Displacement Vectors - Symmetric Mode No.7 - Two-Body 103 
MB2 Aircraft 
D-42 Displacement Vectors - Symmetric Mode No. 8 - Two-Body 104 
MB2 Aircraft 
D-43 Dlsplacement Vectors - Symmetric Mode No. 9 - Two-Body 105 
MB2 Aircraft 
D-44 Displacement Vectors - Symmetric Mode No. 10 - Two-Body 106 
MB2 Aircraft 
xvi 
LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Figure Title Page 
D-45 Displacement Vectors - Symmetric Mode No. 11 - Two-Body 107 
MB2 Aucraft 
D-46 Displacement Vectors - Symmetric Mode No. 12 - Two-Body 108 
MB2 Aircraft 
D-47 Displacement Vectors - Symmetric Mode No. 13 - Two-Body 109 
MB2 Aircraft 
D-48 Displacement Vectors - Symmetric Mode No. 14 - Two-Body 110 
MB2 Aircraft 
D-49 Displacement Vectors - Symmetric Mode No. 15 - Two-Bod y 111 
MB2 Aircraft 
D-50 Displacement Vectors - Antisymmetric Mode No. 1 - 112 
Two-Body MB2 Aircraft 
D-51 Displacement Vectors - Antisymmetric Mode No.2 - 113 
Two-Body MB2 Aircraft 
D-5-2 Displacement Vectors - Antisymmetric Mode No.3 - 114 
Two-Body MB2 Aircraft 
D-53 Displacement Vectors - Antisymmetric Mode No.4 - 115 
Two-Body MB2 Aircraft 
D-54 Displacement Vectors - Antisymmetric Mode No.5 - 116 
Two-Body MB2 Aircraft 
D-55 Displacement Vectors - Antisymmetric Mode No. 6 - 117 
Two-Body MB2 Aircraft 
D-56 Dlsplacement Vectors - Antisymmetric Mode No.7 - 118 
Two-Body MB2 Aircraft 
D-57 Displacement Vectors - Antisymmetric Mode No. 8 - 119 
Two-Body MB2 Aircraft 
D-58 Dlsplacement Vectors - Antisymmetric Mode No.9 - 120 

















LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Title 
Displacement Vectors - Antisymmetric Mode No. 10 -
Two-Body MB2 Aircraft 
Displacement Vectors - Antisymmetric Mode No. 11 
-
Two-Body MB2 Aircraft 
Displacement Vectors - Ant~symmetric Mode No. 12 -
Two-Body MB2 Aircraft 
Displacement Vectors - Antisymmetric Mode No. 13 -
Two-Body MB2 Aircraft 
Displacement Vectors - Antisymmetric Mode No. 14 -
Two-Body MB2 Aircraft 
Displacement Vectors - Antisymmetric Mode No. 15 -
Two-Body MB2 Aircraft 
Symmetric Velocity - Frequency, Stiffness at 40,000 Ft. 
0.50 Mach, Zero Fuel - Two-body MB2 Aircraft 
Symmetric Velocity - Damping, Stiffness at 40,000 Ft 
0.50 Mach, Zero Fuel - Two-Body MB2 Aircraft 
Symmetric Velocity - Frequency, Stiffness at 0 Ft 
0.50 Mach, Zero Fuel Two-Body MB2 Aircraft 
Symmetric Veloc~ty - Damping, Stiffness at 0 Ft 
0.50 Mach, Zero Fuel - Two-Body MB2 Aircraft 
Symmetric Velocity - Frequency, Stiffness at -20,000 Ft 
0.50 Mach, Zero Fuel - Two-body MB2 Aircraft 
Symmetric Velocity - Damping, Stiffness at -20,000 Ft 
0.50 Mach, Zero Fuel - Two-Body MB2 A~rcraft 
Ant~symmetric Velocity - Frequency, Stiffness at 
40,000 Ft 0.50 Mach, Zero Fuel - Two-Body MB2 
Aircraft 
Antisymmetric Velocity - Damp~ng, St~ffness at 






























LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Title 
Antisymmetric Velocity - Frequency, Stiffness at 0 Ft 
0.50 Mach, Zero Fuel - Two-Body MB2 Aircraft 
Antisymmetric Velocity - Damping, Stiffness at 0 Ft 
0.50 Mach, Zero Fuel - Two-Body MB2 Aircraft 
Antisymmetric Velocity - Frequency, Stiffness at 
-20,000 Ft 0.50 Mach, Zero Fuel - Two-Body MB2 
Aircraft 
Antisymmetric Velocity - Damplng, Stiffness at 
-20,000 Ft 0.50 Mach, Zero Fuel - Two-Body MB2 
Aircraft 
Symmetric Velocity - Frequency, Stiffness at 
40,000 Ft 0.50 Mach, Mission Fuel - Two-Body MB2 
Aircraft 
Symmetric Velocity - Damping, Stiffness at 
40,000 Ft 0.50 Mach, Mission Fuel - Two-Body MB2 
Aircraft 
Symmetric Velocity - Frequency, Stiffness at 0 Ft 
0.50 Mach, Mission Fuel - Two-Body MB2 Aircraft 
Symmetric Velocity - Damping, Stiffness at 0 Ft 
0.50 Mach, Mission Fuel - Two-Body MB2 Aircraft 
Symmetric Velocity - Frequency, Stiffness at 
-20,000 Ft 0.50 Mach, Mission Fuel - Two-Body 
MB2 Aircraft 
Symmetric Velocity - Damping, Stiffness at 
-20,000 Ft 0.50 Mach, Mission Fuel - Two-Body MB2 
Aircraft 
Antisymmetric Velocity - Frequency, Stiffness at 
40,000 Ft 0.50 Mach, Mission Fuel - Two-Body MB2 
Aircraft 
Antisymmetric Velocity - Damping, Stiffness at 




























LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Title 
Antisymmetric Veloclty - Frequency, Stiffness at 
o Ft 0.50 Mach, Mission Fuel - Two-Body MB2 Aircraft 
Antisymmetric Velocity - Damping, Stiffness at 0 Ft 
0.50 Mach, Mission Fuel - Two-Body MB2 Alrcraft 
Antisymmetric Velocity - Frequency, Stiffness at 
-20,000 Ft 0.50 Mach, MisSlon Fuel - Two-Body 
MB2 Aircraft 
Antisymmetrlc Velocity - Damping, Stlffness at 
-20,000 Ft 0.50 Mach, Mission Fuel - Two-Body 
MB2 Aircraft 
Symmetric Velocity - Frequency, Stiffness at 
40,000 Ft 0.80 Mach, Zero Fuel - Two-Body MB2 
Alrcraft 
Symmetric Velocity - Damping, Stiffness at 
40,000 Ft 0.80 Mach, Zero Fuel - Two-Body MB2 
Aircraft 
Symmetric Veloclty - Frequency, Stiffness at 0 Ft 
0.80 Mach, Zero Fuel - Two-Body MB2 Aircraft 
Symmetrlc Velocity - Damping, Stiffness at 0 Ft 
0.80 Mach, Zero Fuel - Two-Body MB2 Aircraft 
Symmetric Velocity - Frequency, Stiffness at 
-20,000 Ft 0.80 Mach, Zero Fuel - Two-Body 
MB2 Aircraft 
Symmetric Velocity - Damping, Stlffness at 
-20,000 Ft 0.80 Mach, Zero Fuel - Two-Body MB2 
Aircraft 
Antisymmetric Velocity - Frequency, Stiffness at 
40,000 Ft 0.80 Mach, Zero Fuel - Two-Body MB2 
Aircraft 
Antisymmetric Velocity - Damping, Stiffness at 




























LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Title 
Antisymmetrlc Veloclty - Frequency, Stiffness at 0 Ft 
0.80 Mach, Zero Fuel - Two-Body MB2 Aircraft 
Antisymmetric Velocity - Damping, Stiffness at 0 Ft 
0.80 Mach, Zero Fuel - Two-Body MB2 Aircraft 
Antisymmetric Velocity - Frequency, Stiffness at 
-20,000 Ft 0.80 Mach, Zero Fuel - Two-Body MB2 
Aircraft 
Antisymmetric Veloclty - Damping, Stiffness at 
-20,000 Ft 0.80 Mach, Zero Fuel - Two-Body MB2 
Aircraft 
Symmetric Velocity - Frequency, Stiffness at 
40,000 Ft 0.80 Mach, Mission Fuel - Two-Body MB2 
Aircraft 
Symmetric Velocity - Damping, Stiffness at 40,000 Ft 
0.80 Mach, Mission Fuel - Two-Body MB2 Aircraft 
Symmetric Velocity - Frequency, Stiffness at 0 Ft 
0.80 Mach, Mission Fuel - Two-Body MB2 Aircraft 
Symmetric Velocity - Damping, Stiffness at 0 Ft 
0.80 Mach, Mission Fuel - Two-Body MB2 Aircraft 
Symmetric Velocity - Frequency, Stiffness at 
-20,000 Ft 0.80 Mach, Mission Fuel - Two-Body MB2 
Aircraft 
Symmetric Velocity - Damping, Stiffness at -20,000 Ft 
0.80 Mach, Mission Fuel - Two-Body MB2 Aircraft 
Antisymmetric Velocity - Frequency, Stiffness at 
40,000 Ft 0.80 Mach, Mission Fuel - Two-Body 
MB2 Aircraft 
Antisymmetric Velocity - Damping, Stiffness at 






























LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Title 
Antisymmetric Velocity - Frequency, Stiffness at 0 Ft 
0.80 Mach, Mission Fuel - Two-Body MB2 Aircraft 
Antisymmetr1c Velocity - Damping, Stiffness at 0 Ft 
0.80 Mach, Mission Fuel - Two-Body MB2 Aircraft 
Antisymmetr1c Velocity - Frequency, Stiffness at 
-20,000 Ft 0.80 Mach, Mission Fuel - Two-Body MB2 
Aircraft 
Antisymmetric Velocity - Damping, Stiffness at 
-20,000 Ft 0.80 Mach. Mission Fuel - Two-Body MB2 
Aircraft 
Symmetric and Antisymmetric Flutter Veloc1ties 
at Altitude - Single Body SBR Aircraft 
Symmetric and Antisymmetric Flutter Velocities 
at Altitude - Single Body SBR Aircraft 
Symmetric and Antisymroetric Flutter Velocities 
at Altitude - Single Body SBR Aircraft 
Symmetric and Antisymmetric Flutter Velocities 
at Altitude - Single Body SBR Aircraft 
Symmetric and Antisymroetric Flutter Veloc1ties 
at Altitude - Two-Body MB1 Aircraft 
Symmetric and Antisymmetric Flutter Velocities 
at Alt1tude - Two-Body MB1 Aircraft 
Symmetric and Antisymroetric Flutter Velocities 
at Altitude - Two-Body MB1 Aircraft 
Symmetric and Antisymmetric Flutter Velocities 
at Altitude - Two-Body MB1 Aircraft 
Symmetr1c and Antisymmetric Flutter Velocities 
at Altitude - Two-Body MB1 Aircraft 


































LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Title 
Antisymmetric Flutter Velocities at Altitude 
Two-Body MB2 Aircraft 
Symmetric and Antisymmetric Flutter Velocities 
at Altitude - Two-Body MB2 Aircraft 
Symmetric Flutter Velocities at Altitude 
Two-Body MB2 Aircraft 
Antisymmetric Flutter Velocities at Altitude 
Two-Body MB2 Aircraft 
Symmetric and Antisymmetric Flutter Velocities 
at Altitude - Two-Body MB2 Aircraft 
Symmetric and Antisymmetric Flutter Velocities 
at Altitude - Two-Body MB2 Aircraft 
Symmetric and Antisymmetric Flutter Velocities 
at Altitude - Two-Body MB2 Aircraft 
Symmetric and Antisymmetric Flutter Velocities at 
Altitude - Two-Body MB2 Aircraft 
Single Body Reference SBR Aircraft - Point Design 
Two-Body MBl Aircraft - Point Design 
Two-Body MB2 Aircraft - Point Design 
Three-Body MB3 Aircraft - Point Design 
Spanloader Aircraft - Canard 
General Geometry and Welght Data - Point Design and 
Canard Spanloader Aircraft 
Stability Derivatives - Point Design and Canard Spanloader 
Aircraft 
Gear, Ground, Ground Spoiler, Flap Effects - Point Design 






























LIST OF FIGURES Cont'd) 
(APPENDIXES) 
Title 
Thrust Available per Engine - Single Body Reference 
Aircraft 
Thust Available per Engine - Two-Body MB1 Aircraft 
Thrust Available per Engine - Two-Body MB2 Aircraft 
Thrust Available per Engine - Three-Body MB3 Aircraft 
Thrust Available per Engine - Canard Span loader 
Acceleration/Deceleration - Typical Advanced Tech-
nology Engine 
Drag Polar - Approximate - Slngle Body Reference 
Aircraft 
Drag Polar - Approximate - Two-Body MB1 Aircraft 
Drag polar - Approximate - Two-Body MB2 Aircraft 
Drag Polar - Approximate - Three-Body MB3 Aircraft 














FUSELAGE SIZING AND SELECTION 
A.1 INTRODUCTION 
The initial analysis required in the 
definition of the point design aircraft 
is the fuselage sizing and selection. 
Al though the point design aircraft are 
analyzed at a payload of 350,000 kg 
(771,618 lb), payload values of 75,000 
kg (165,347 Ib), 167,000 kg (368,172 
lb), and 258,000 kg (568,793 lb) are 
also included in this analysis for sub-
sequent use in the payload sensitivity 
studies. 
A.2 SIZING REQUIREMENTS 
The four payloads noted above are to 
be transported in 2.44m x 2.44m x 3.05m 
or 6.10m (8 x 8 x 10 ft or 20 ft) con-
tainers at a net payload density of 
160.2 kg/m3 (10.0 Ib/ft3). Sufficient 
clearance is required between contain-
ers and between containers and struc-
ture for a cargo restraint system. A 
walkway is required at each end of the 
cargo floor. Pressurization require-
ments are as specified in section 2.1, 
Design Requirements. 
A.3 MULTI BODY FUSELAGE SIZING 
Ini tially, conventional C-5 type 
fuselage cross sections, with external 
1 
corners being formed by two intersect-
ing circular arcs, are developed for 
one, two, three, and four rows (sticks) 
of containers with structural clear-
ances and floor beam depths based on 
previous fuselage cross section deve-
lopment experience. This initial esti-
mation of fuselage characteristics per-
mits fuselage development to continue 
while computer programs are designed 
and basic loads determined for a struc-
tural analysis of minimum structural 
clearances and beam depths required for 
each of the stick arrangements. 
Lateral clearance between containers 
and between containers and structure is 
15.2 cm (6 in) to permit installation 
of cargo restraint systems. Cargo 
floor width and fuselage constant sec-
tion perimeter, cross-sectional area, 
and equivalent diameter are determined 
for each stick arrangement and are 
shown in Figure A-1. 
Cargo floor lengths are determined 
based on cargo floor width, fuselage 
payload, cargo density, linear contain-
er spacing of 7.6 cm <3 in), and the 
2.44m x 2.44m x 3.05m (8 x 8 x 10 ft) 
container. 
Each container has an empty weight 
of 499.0 kg (1100 lb) and an internal 
FUSELAGE CONSTANT SECTION 
NO. OF FLOOR WIDTH FUSELAGE PERIMETER EQUIVALENT X-SECTION AREA 
STICKS m (FT) EFFICIENCY m (FT) DIA. - m (FT) SQ. m. (SQ. FT) 
1 2.74 (9) 0.394 13.78 (45.2) 4.39 (14.4) 15.09 (162.4) 
2 5.33 (17.5) 0.363 20.36(66.8) 6.46 (21.2) 32.72 (352.2) 
3 7.92 (26) 0.309 27.34 (89.7) 8.56 (28.1) 57.65 (620.5) 
4 10.52 (34.5) 0.258 34.69 (113.8) 10.85 (35.6) 92.29 (993.4) 
Figure A-I. Fuselage Constant Dimensions 
volume of 16.4 m3 (580 ft 3). This re-
sults in a loaded container weight of 
3129.8 kg (6900 Ib) using the prescrib-
ed payload density. The payload den-
si ty is allowed to vary slightly for 
all payloads to avoid fractional con-
tainers in any fuselage. 
Rectangular cargo floor lengths are 
determined for each fuselage payload 
and for one through four sticks of con-
tainers. It is recognized that some of 
the wider cargo floors will possibly 
permi t tapering into the fore and 
afterbody to reduce fuselage length, 
with the attendant reductions in weight 
and drag. This aspect is investigated 
in the final design phase. 
The rectangular cargo floor length 
is established as the fuselage constant 
section length. Fuselage lengths are 
then a resul t of the constant section 
lengths, plus fineness ratios of 1.5 
for the forebody and 2.5 for the after-
body, multiplied by the equivalent 
fuselage diameter shown 1n Figure A-1. 
2 
Wetted areas are calculated for each 
fuselage based on the perimeter and 
length of the constant section and on 
an empirical formula for the fore and 
afterbody. This procedure yields fair-
ly accurate results and eliminates the 
time and cost of fully developing the 
entire matrix of fuselages. 
Lastly, a total fuselage fineness 
ratio (L/D
e
) is calculated for each 
fuselage. These fineness ratios, along 
with the other foregoing fuselage data, 
are shown in Figure A-2. 
A.4 PRELIMINARY FUSELAGE SELECTION 
The selection of the stick arrange-
ment for a given payload is predicated 
primarily on wetted area and total 
fuselage LID
e
, although fuselage effi-
ciency (container( s) cross sect10n 
areal fuselage cross section area) 1S 
also considered. As shown in Figure 
A-1, fuselage efficiency increases as 
cargo floor width decreases. This 
AIRCRAFT 75,000 
PAYLOAD - kg (LB) (165,347) 
NUMBER OF FUSELAGES 3 2 
FUSELAGE 25,002 37,503 
PAYLOAD - kg (LB) (55,120) (82,680) 
NUMBER OF 
I STICKS 1 2 3 4 1 2 3 4 
NUMBER OF ! 
CON1AINERS* 8 8 9 8 12 12 12 12 
CONSTANT SECTION 25.30 12.80 9.45 6.40 37.19 19.51 13.11 10.06 
FLOOR LENG1H - m (FT) (83) (42) (31) (21) (122) (64) (43) (33) I 
FUSELAGE 42.98 38.71 43.89 49.99 54.56 45.11 47.55 53.64 
! LENGTH - m (FT) (141) (127) (144) (164) (179) (148) (156) (176) 
WETTED 514 621 898 1251 677 757 999 1379 I 
AREA - SQ. m (SQ. FT.) (5530) (6680) (9670) (13,470) (7290) (8150) (10,750) (14,840) 
FUSELAGE FINENESS I 
RATIO - LIDe 9.8 6.0 5.1 4.6 12.4 6.9 5.6 4.9 I 
SELECTED STICK X X ARRANGEMENT I 
AIRCRAFT 167,000 
w PAYLOAD - kg (LB) (368,172) 
NUMBER OF 3 2 FUSELAGES 
FUSELAGE 55,669 83,502 
PAYLOAD - kg (LB) (122,730) (184,090) 
NUMBER OF 
STICKS 1 2 3 4 1 2 3 4 
NUMBER OF 
CONTAINERS* 18 ]8 18 20 27 28 27 28 
CONSTANT SECTION 55.47 28.04 18.59 15.54 85.04 44.20 28.65 22.56 
FLOOR LENGTH - m (FT) (182) (92) (61) (51) (279) (145) (94) (74) 
FUSELAGE 73.15 53.95 53.04 59.13 102.72 70.10 63.09 66.14 
LENGTH - m (FT) (240) (177) (174) (194) (337) (230) (207) (217) 
WETTED 930 929 1149 1568 1337 1260 1424 1812 
AREA - SQ. m. (SQ. FT.) (10,010) (10,000) (12,370) (16,880) (14,390) (13,560) (15,330) (19,500) 
FUSELAGE FINENESS 
RATIO - LIDe 16.7 8.3 6.2 5.4 23.4 10.9 7.4 6.1 
SELECTED STICK X X ARRANGEMENT 
* 2.44 rn x 2.44 rn x 3.05 rn Figure A-2. Fuselage Sizing and Selection - Multibody 
(8 Ff x 8 FT x 10 FT) (Sheet 1 of 2) 
~ 
AIRCRAFT 










FLOOR LENGTH - m (FT) 
FUSELAGE 
LENGTH - m (FT) 
WET1ED 
AREA - SQ. m. (SQ.FT.) 
FUSELAGE FINENESS 














FLOOR LENGTH - m (FT) 
FUSELAGE 
LENGTH - m (F1') 
WETTED 
AREA - SQ m. (SQ. Flo) 
FUSELAGE FINENESS 
RATIO - LIDe 
SELECTED &TICK 
ARRANGEMENT 
* 2.44 m x 2 44 m x 3.05 m 

























2 3 4 1 2 3 
28 27 28 42 42 42 
43.89 28.04 21.64 131.06 66.75 44.50 
(144) (92) (71) (430) (219) (146) 
69.80 62.48 65.23 148.74 92.66 78.94 
(229) (205) (214) (488) (304) (259) 
1253 1407 1780 1971 1719 1857 
(13,490) (15,150) (19,160) (21,220) (18,500) (19,990) 







2 3 4 1 2 3 
36 36 36 56 56 57 
56.08 37.49 28.35 174.96 88.09 58.83 
(184) (123) (93) (574) (289) (193) 
81.99 71.93 71.93 192.63 114.00 92.66 
(269) (236) (236) (632) (374) (304) 
1501 1666 2012 2575 2153 2249 
(16,160) (17,930) (21,660) (27,720) (23,180) (24,210) 
12.7 8.4 6.6 43.9 17.6 10.8 
X X 
------ ----
Fuselage Sizing and Selection - Multibody 



















alone dicates selection of the slngle 
stick configuration in all cases; how-
ever, as noted in Figure A-2, the other 
selection parameters can have a much 
more significant impact. Cargo floor 
lengths are also considered Slnce pre-
vious experience has shown that rectan-
gular floor lengths in excess of 61. Om 
(200 ft) dictate fuselage lengths which 
limit the desired aircraft rotation on 
takeoff. ThlS, in turn, can cause ex-
cessive cargo floor heights and re-
strictions on side force turns (tip 
over angles). 
Figure A-3 shows forebody, after-
body, and total fuselage fineness 
ratios versus Mach number. These data 
are used as a guide for the multibody 
fuselage design; however, total fuse-
lage L/D is not a "design to" absolute 
e 
to the exclusion of the other design 
requirements. In addition, the fore-
body fineness ratio of the mul tibody 
fuselages is increased to 1.5, relative 
to the 1.25 shown for Mach 0.80, due to 
the protrusion of the flight deck con-
siderably outside of fuselage contour 
for nose loading/unloading of cargo. 
Figure A-3 also shows that the prefer-
red total fuselage L/D for the Mach 
e 
0.80 speed is in the area of 9.25. It 
is of note that the C-5, C-141, and 747 
are all in close agreement with this 
curve. 
Referring again to Figure A-2, the 
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O~--~--~~--~--~----~--~--~ o 70 0.74 0 78 0 82 0 86 0.90 0.94 0.98 
MACH NUMBER 
Figure A-3. Effect of Mach Number on 
Fuselage Fineness Ratio 
(Uncambered) 
arrangement, for all fuselage payloads, 
which is based on an evaluatlon of the 
previously noted selection parameters. 
Since the four-stick arrangement is 
shown to generally have an undesirable 
L/D , invariably the largest wetted 
e 
area and lowest fuselage efficiency, it 
is dropped from further consideration. 
A.5 FINAL FUSELAGE SELECTION 
Structural clearance and floor beam 
depth analyses are performed on two 
fuselage cross sections. One is the 
conventional C-5 type cross section 
previously described, and the other is 
identified as being "oval" with its 
external corners being defined by four 
intersecting arcs. The primary obJec-
tive of the oval shape is to minimize 
the fuselage cross section area re-
quired to encompass the containerlzed 
payload. The reduced cargo compartment 
pressure altitude requirement of 5486.4 
m (18,000 ft) up to 12,192.0 m (40,000 
ft) for these aircraft, as compared to 
a requirement of 2438.4 m (8000 ft) up 
to an altitude of 12,192.0 m (40,000 
ft) for current transport aircraft such 
as the C-5 and C-141, results in the 
feasibility of this fuselage shape. 
The fuselage cross sections and the 
resulting payload/stick arrangement are 
given ln Figures A-4 through A-6 for 
the conventional shape and in Figures 
A-7 through A-9 for the oval shape. 
Since the 75.000 kg (165.347 lb) 
(1-stick) payload conventional fuselage 
constant section is nearly a perfect 
circle, it offers the lowest cross sec-
tional area, wetted area, and pressure 
volume; therefore, a one stick oval 
fuselage offers no advantages and is 
not evaluated. This payload arrangement 
is the only one having a 2.7 m (9 ft) 
access to the cargo compartment. The 
three larger payloads all have a 5.33 m 
(17.5 ft) access and varying degrees of 
tapered floor plans to maximize the 
fuselage efficiency and minimlze the 
fuselage wetted area. 
6 
Fuselage summary data resultlng from 
the cross section and floor plan data 
of the previous figures are given in 
Figures A-10 and A-11 for the three and 
two-body alrcraft, respectively. Fuse-
lage lengths are derlved by malntalning 
forebody and afterbody fineness ratios 
of 1.5 and 2.5, respectively, based on 
fuselage maximum cross section area 
equivalent diameter. Fuselage wetted 
area. pressure volume. and efficiency 
are determined for each fuselage alter-
nati ve. From these data it is seen 
that not only do the oval shaped fuse-
lages provide the maximum efficiency, 
both wetted surface area and pressure 
volume are minimized. Fuselage skin 
friction and weight decrease as wetted 
surface area decreases; therefore. it 
can be expected that the oval fuselage 
at all payload values will result in 
the minimum weight and drag aircraft. 
Two and three-body aircraft are 
sized for each fuselage alternative 
using direct operating cost (DOC) as 
the optimizing parameter. Summary data 
for each of the resulting aircraft are 
given in Figures A-12 and A-13. It is 
noted that the DOC data contained in 
these figures are derived based upon a 
fuel cost of 15.1 Ul (57 Ugal) and 
1919 dollars. 
Results of the aircraft sizing indi-
cate that the conventional fuselage 
shape provides the minimum DOC for the 


















LS 7.92m (26.00 FT) 8.79 m (28.83 FT) 
\ 
• I 
PAYLOAD = 258,000 kg AND 350,000 kg 









2.44 m x 2.44 m 
(8 FT x 8 FT) 
Figure A-4. Fuselage X-Sections - Convent1onal 
7 
... ----------38.12 m----------II-I 
~3S.S6 em I (14. 00 IN.) 
IEJ 
PAYLOAD 
(12S.08 IT) 3S.S6 em~ 
(14.00 IN.) I~ 
E r:ll 2.74 m 12 CONTAIN RS ------+-r::::=J-iI-.I (9.00 FT) 
---. 
NO. OF CONTAINERS NET PAYLOAD FLOOR 
2.44m x 2.44m x 3.0Sm DENSITY AREA 
kg (LB) (8 IT x 8 FT x 10 IT) kg/m3 (LB/IT3) m2(IT2) 
PER A/c PER FUS PERAIC PER FUS 
7S,000 37,SOO 24 12 lS9.86 (165,349) (82,674) (9.98) 
,.. ___________ 40.90 m __________ --...I 
(134.17 FT) 
7. 62 e·1ll.-i~Io"'" (3.00 IN.) 




PAYLOAD NO. OF CONTAINERS NET PAYLOAD FLOOR AREA kg (LB) 2.44m x 2.44m x 3.0Sm DENSITY RECT TOTAL (8 FT x 8 FT x 10 IT) 
PER A/C PER FUS PER A/C PERFUS kg/m
3 (LB/IT3) 
167,000 83,SOO S4 27 (368,172) (184,086) 
PAYLOAD 
kg (LB) 








... --+-- 8 ----+-_11-1 
_FWD 
NO. OF CONTAINERS 
DIMENSION 2.44m x 2.44m x 3.0Sm 
A-m (IT) (8 IT x 8 IT x 10 FT) 
B PER Ale PER FUS 
33.45 10 82 41 (109.75) 




















Flgure A-s. Cargo Compartment - Two-Body Conventional Fuselage 
8 
~ ___ ------------------25.63 m------------------~~ 
~ r 35.56 em (84.08 FT) 35 56 r1 ~ __ • em r--
(14.00 IN.) (14.00 IN.) ---.1.. 
III-.--~---- 8 CONTAINERS -----.j....I-....., .. ~11 (::;~::r) 
--""T 
NO. OF CONTAINERS NET PAYLOAD FLOOR 
PAYLOAD 2.44m x 2.44m x 3.05m DENSITY AREA 






PERFUS PER A/e PER FUS 
25,000 24 8 (55,116) 
~----- 25. 27 m-----~ 
(82.92 FT) 7.62 em __ .. n ••• (3.00 IN.) 
159.86 
(9.98) 
..... -f--- 8 CONTAINERS ---+ ___ -ti----, 
_FWD 
NO. OF CONTAINERS NET PAYLOAD 2.44m x 2.44m x 3.05m DENSITY (8 FT x 8 FT x 10 FT) 






(122,724) 54 18 
157.94 
(9.86) 
..... ---- A ----___ -1 
7.62 em 
(3.00 IN.) 
: ..... -+-- B ---4-...-l 
.. FWD 









kg (LB) A-m (FT) (8 FT x 8 FT x 10 FT) RECT. TOTAL 
PER A/e PER FUS B PER A/e PER FUS kg/m
3 (LB/FT3) m2(FT2) m2(FT2) 
258,000 86,000 21.03 6 84 28 156.66 167 259 (568,793) (189,598) (69.00) (9.78) (1794) (2791) 
350,000 116,667 30.40 9 111 37 161.63 241 334 (771,618) (257,206) (99.75) (10.09) (2594) (3591) 





~~\ ---,- f 
4.17 m 
2.16 m (13.67 FT) 
(7.08 FT 2.64 m 
---1--- ¥----I1---t--r(8. 67 FT 
1------ 5.33 m 
(17.50 FT) 


















PAYLOAD = 258,000 kg AND 350,000 kg 
(568,793 LB) (771,618 LB) 
3-Stick X-Section 




.. rrr35.56 em (14.00 IN.) 











NO. OF CONTAINERS 
2.44m x 2.44m x 3.05m 
(8 FT x 8 FT x 10 FT) 








11. 42 FT) ~ 
35.56 em 
14.00 IN.) j~ 












m2(FT2) m2 (FT2) 
220 234 
(2368) (2520) 
(11. 42 FT) 
2.29 m 35.56 em l 3.48 m (7.50 0 =~--1H--_(....,14 .... _0_0_I_N_ .... )_ 
.~_ B c:JDDDD 2.74 m 5.33 m ----+L:=J--I~DDD (9.00 ITX17.5 FT) 
_FWD 0 =r , 
~----~~------~~--~------------~~~------
NO. OF CONTAINERS NET PAYLOAD FLOOR AREA 
PAYLOAD DIMENSION 2.44m x 2.44m x 3.05m DENSITY 
kg (LB) (8 FT x 8 FT x 10 IT) RECT. TOTAL A-m (FT) kg/m3 (LB/FT3) m2(FT2) m2(FT2} PER Ale PERFUS B PER Ale PER FUS 
258,000 129,000 33.53 10 82 41 161.15 266 370 (568,793) (284,397) (110.00) (10.06) (2861) (3983) 
350,000 175,000 49.15 15 112 56 159.86 390 494 (771,618) (385,809) (161. 25) (9.98) (4193) (5315) 
Flgure A-8. Cargo Compartment - Two-Body Oval Fuselage 
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25.86 m ~-----"""'"(84. 83 IT:'<'")-----~ 
k35.56 em 
I (14. 00 IN.) 
.-- c=J 8 CONTAINERS --I--J~ 5.33 m c:J 
(17'L D _FWD 
NO. OF CONTAINERS NET PAYLOAD PAYLOAD 2·44m x 2.44m x 3.05m DENSITY kg (LB) (8 FT x 8 FT x 10 IT) 
kg 1m3 (LB/IT3) PER A/c PER FUS PER A/c PER FUS 
167,000 55,667 157.94 
(368,172) (122,724) 54 18 (9.86) 
PAYLOAD 
kg (LB) 










NO. OF CONTAINERS 
DIMENSION 2.44m x 2.44m x 3.05m 
A-m (FT) (8 FT x 8 FT x 10 FT) 
B PER A/c PER FUS 
21.03 6 84 28 (69.00) 






















Figure A-9. Cargo Compartment - Three-Body Oval Fusela~e 
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METRIC UNITS 
PAYLOAD PER FUSELAGE-kg 25,000 55,667 86,000 116,667 
FUSELAGE SHAPE C C 0 C 0 C 0 
CONVENTIONAL (C) 
OVAL (0) 
FUSELAGE DIMENSIONS - m 
LENGTH 42.34 49.45 48.56 53.49 51.49 62 87 60.86 
WIDTH 4.01 6.30 7.01 8.79 9.60 8.79 9.60 
HEIGHT 3.83 5 56 4.17 7.37 6.00 7.37 6.00 
MAXIMUM X-SECT AREA-SQ.m 12.27 28.06 23.24 51.49 44.35 51.49 44.35 
FUSELAGE EQUIVALENT DLA - m 3.95 5.98 5.44 8.10 7 52 8.10 7 52 
WETTED AREA - SQ. m (AW) 484 799 788 1125 1014 1366 1246 
PRESSURIZED VOLUME - CU. m 382 1033 904 1759 1534 2241 1950 
TOTAL CONTAINERS 8 18 18 28 28 37 37 
(2.44m x 2.44m x 3.05m) 
FUSELAGE EFFICIENCY AC/AF 0.4845 0.4238 0.5117 0.3464 0.4022 0.3464 0.4022 
FUSELAGE PAYLOAD/AW 10.59 14.27 14.47 15.66 17.38 17.49 19.18 
NUMBER OF STICKS 1 2 2 3 3 3 3 
CUSTo}1ARY UNITS 
PAYLOAD PER FUSELAGE-LB 55,116 122,724 189,598 257,206 




LENGTH 138.92 162.25 159.33 175.50 168.92 206.25 199.67 
WIDTH 13.17 20.67 23.00 28.83 31.50 28.83 31.50 
HEIGHT 12.58 18.25 13.67 24.17 19.67 24.17 19.67 
MAXIMUM X-SECT AREA-SQ. FT. 132.10 302.00 250.17 554.20 477 .43 554.20 477 .43 
FUSELAGE EQUIVALENT DLA-FT. 12.97 19.61 17.85 26.56 24.66 26.56 24.66 
WETTED AREA-SQ. FT. (AW) 5,206 8,601 8,482 12,105 10,912 14,703 13,413 
PRESSURIZED VOLUME - CU. FT. 13,496 36,488 31,943 62,131 54,193 79,173 68,874 
TOTAL CONTAINERS-8'x8'xlO' 8 18 18 28 28 37 37 
FUSELAGE EFFICIENCY AC/AF 0.4845 0.4238 0.5117 0.3464 0.4022 0.3464 0.4022 
FUSELAGE PAYLOAD/ AW 10.59 14.27 14.47 15.66 17.38 17.49 19.18 
NUMBER OF STICKS 1 2 2 3 3 3 3 
Figure A-IO. Fuselage Data Summary - Three-Body 
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HETRIC UNITS 
PAYLOAD PER FUSELAGE - kg 37,500 83,500 129,000 175,000 
FUSELAGE SHAPE 
CONVENTIONAL (C) OVAL (0) C C 0 C 0 C 0 
FUSELAGE DIMENSIONS - m 
LENGTH 54.84 65.43 63.25 65.91 63.98 81. 76 79.60 
WIDTH 4.01 6.30 7.01 8 79 9.60 8.79 9.60 
HEIGHT 3.83 5.56 4.17 7 37 6.00 7.37 6.00 
MAXIMUM X-SECT AREA - SQ.m. 12.27 28.06 23.24 51.49 44.35 51.49 44.35 
FUSELAGE EQUIVALENT DIA-M 3.95 5.98 5.44 8.10 7.52 8.10 7.52 
WETTED AREA - SQ.m. (Aw) 639 1089 1058 1443 1324 1845 1711 
PRESSURIZED VOLUME - CU m. 536 1413 1209 2548 2168 3351 2861 
TOTAL CONTAINERS 12 27 27 41 41 56 56 
(2.44 m x 2.44 m x 3.05 m) 
FUSELAGE EFFICIENCY (Ac/Af) 0.4845 0.4238 0.5117 0.3464 0.4022 0.3464 0.4022 
FUSELAGE PAYLOAD lAw 12.02 15.70 16.16 18.32 19.96 19.43 20.95 
NUMBER OF STICKS 1 2 2 3 3 3 3 
CUSTOIIARY UNITS 
PAYLOAD PER FUSELAGE - LB 82,674 184,086 284,397 385,809 
FUSELAGE SHAPE 
CONVENTIONAL (C) OVAL (0) C C 0 C 0 C 0 
FUSELAGE DIMENSIONS - FT 
LENGTH 179.92 214.67 207.50 216.25 209.92 268.25 261.17 
WIDTH 13.17 20.67 23.00 28.83 31.50 28.83 31.50 
HEIGHT 12.58 18.25 13.67 24.17 19.67 24.17 19.67 
MAXIMUM X-SECT AREA - SQ.FT. 132.10 302.00 250.17 554.20 477 .43 554.20 477 .43 
FUSELAGE EQUIVALENT DIA-FT 12.97 19.61 17.85 26.56 24.66 26.56 24.66 
WETTED AREA - SQ. FT. (Aw) 6,879 11. 727 11,388 15,527 14,246 19,858 18,414 
PRESSURIZED VOLUME - CU.FT. 18,912 49,913 42,693 89,966 76,562 118,336 101,031 
TOTAL CONTAINERS 12 27 27 41 41 56 56 
(8 FT x 8 FT x 10 FT) 
FUSELAGE EFFICIENCY Ac/Af 0.4845 0.4238 0.5117 0.3464 0.4022 0.3464 0.4022 
FUSELAGE PAYLOAD/ Aw 12.02 15.70 16.16 18.32 19.96 19.43 20.95 
NUMBER OF STICKS 1 2 2 3 3 3 3 
Figure A-ll. Fuselage Data Summary - Two-Body 
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'1ETRIC UlIlTS 
PAYLOAD - kg 75,000 167,000 258,000 350,000 
FUSELAGE SHAPE C C a C a c 0 CONVENTIONAL (C) OVAL (0) 
GEOMETRY 
WING ASPECT RATIO 13 32 13 13 12 47 11 76 11 70 10 44 10 70 
AREA - 10 SQ m 33 9 74 6 79 7 113 1 115 a 161 3 164 3 
FUSELAGE BODY SEPARATION - m 25 9 38.1 38.4 44 4 44.7 50 a 51.0 
WEIGHTS - 1000 kg 
STRUCTURE 67.9 143 3 150 1 207 9 202.2 283.5 284 a 
WING 23 6 59 3 57 7 90 2 88.0 122 a 123 6 
EMPENNAGE 2.4 6 1 5.9 10 3 10 4 13.3 13.6 
FUSELAGE 32.5 58.6 66 8 78.3 75 1 110 8 107.6 
LANDING GEAR 7 4 15.4 15 8 23 2 22 9 27 4 31 4 
NACELLE & PYLON 2.0 3.9 3.9 5 9 5 8 5 9 7 8 
PROPULSION SYSTEM 11.5 23.7 24.1 37 2 36.4 51 7 50 5 
SYSTEMS & EQUIPMENT 11 7 16.3 16 2 20 1 19 9 24.0 23.8 
WEIGHT EMPTY 91 1 183.3 190.4 265 2 258 5 359.2 35S.3 
OPERATING EQUIPMENT 1 8 3.9 4 1 6 1 6 1 9 6 9 7 
OPERATING WEIGHT 92.9 187 2 194.5 271.3 264.6 368.8 368.0 
PAYLOAD 75.0 167 a 167 0 258 a 258 a 350 a 350 a 
FUEL MISSION 53 4 107 1 lOS 6 163 3 160 a 221.4 217 3 
GROSS 221 3 461.3 470 1 692 6 682.6 940 2 935 3 
PROPULSION 
THRUST/ENGINE - 1000 N 111. 7 222.4 225.5 340 7 333 6 462 2 452 4 
PERFORMANCE 
CRUISE L/D 22.04 23 04 23.16 22.59 22 75 22 61 22.98 
BLOCK FUEL - 1000 kg 44 7 89.7 91 a 136 8 133.9 IS5.4 181 9 
FUSELAGE DRAG a 00795 a 00601 a 00541 0.00524 a 00478 a 00424 0.00393 
EQUIVALENT PARASITE DRAG AREA-Sq m 2 00 3 32 3 23 4.50 4 15 5 49 5 11 
ECONOMIC 
FUEL PRICE S/1 a 15 0.15 a 15 a 15 a 15 a 15 a 15 
AIRCRAFT PRICE SM 41 3 93 9 95 3 154 1 150 a 2266 225.0 
DOC-c/ A.'1gkm 4 89 4 15 4 21 4 as 3 96 4 08 4.04 
FUSELAGE WEIGHT/PAYLOAD 0.434 0.351 a 400 0.304 o 291 a 317 0.308 
Mg-km/l 8.73 9.69 9 55 9 82 10 02 9 83 10.01 
CUSTOMARY UNITS 
PAYLOAD - LB 165,347 368,172 568,793 771,618 
FUSELAGE SHAPE 
CONVENTIONAL (C) OVAL (0) C c 0 C 0 C 0 
GEOMETRY 
WING ASPECT RATIO 13.32 13 13 12.47 11.78 11.70 10.44 10.70 
AREA - 100 SQ FT 36.5 80.3 85.8 121.7 123.8 173 6 176.8 
FUSELAGE BODY SEPARATION-FT. 84 9 125.0 125.9 145.S 146.5 163.9 167.4 
WEIGHTS-lOaD LB 
STRUCTURE 149.7 316.0 330 9 458 3 445 8 625 a 626.1 
WING 52.0 130 7 127 3 198 8 194.1 269 a 272.6 
EMPENNAGE 5.2 13.4 12.9 22.8 23 a 29 3 30 a 
FUSELAGE 71.7 129.2 147.3 172 7 165 6 244.3 237.3 
LANDING GEAR 16 3 34 1 34 7 51.0 50 4 60 4 69 0 
NACELLE & PYLON 4 5 8.6 8.7 13.0 12.7 13.0 17.2 
PROPULSION SYSTEM 25.4 52.3 53 1 82.1 SO.2 113.9 111.3 
SYSTEMS & EQUIPMENT 25.7 35 8 35.8 44.3 43.8 52 9 52 4 
WEIGHT EMPTY 200.8 404.1 419 8 584.7 569.8 791.8 790.0 
OPERATING EQUIPMENT 4.0 8.5 8 9 13.5 13 6 21.3 21.2 
OPERATING WEIGHT 204 8 412.6 428 7 598.2 583 4 813.1 811.2 
PAYLOAD 165 3 368 2 368.2 568.8 568 8 771 6 771.6 
FUEL MISSION 117.8 236.2 239.6 360 a 352.6 488 1 479.2 
GROSS 487 9 1017 0 1036 5 1527 a 1504 8 2072.8 2062.0 
PROPULSION 
THRUST/ENGINE-I000 LB 25 1 50.0 50 7 76.6 75.0 103.9 101.7 
PERFORMANCE 
CRUISE LID 22 04 23 04 23 16 22 59 22.75 22 61 22 98 
BLOCK FUEL-lOOO LB. 98.6 197 7 200 6 301.6 295 3 408.7 401.1 
FUSELAGE DRAG o 00795 0.00601 a 00541 o 00524 o 00478 o 00424 0.00393 
EQUIVALENT PARASITE AREA-SQ FT 21.49 35 71 34.75 48 45 44 64 59 12 55 04 
ECONOMIC 
FUEL PRICE - S GAL o 57 o 57 a 57 o 57 a 57 o 57 o 57 
AIRCRAFT PRICE MILLION S 41.3 93.9 95 3 154 1 150 0 226 6 225 a 
DOC C/ATNM 8 22 6 98 7 07 6 80 6 65 6 86 6 79 
FUSELAGE ~~IGHT/PAYLOAD 0.434 a 351 a 400 o 304 0.291 0.317 o 308 
TON NM/GAL. FUEL 19.67 21 83 21 52 22.12 22 58 22.14 22.55 
Figure A-l2. Fuselage Study - Two-Body A~rcraft Data Summary 
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'IETRIC UNITS 
PAYLOAD - kg 75,000 167,000 258,000 350,000 
FUSELAGE SHAPE 
CONVENTIONAL (C) OVAL (0) C C 0 C 0 C 0 
GEOMETRY 
WING ASPECT RATIO 12 03 11 05 11 00 10 13 10 46 9 05 9 57 
AREA - 10 SQ m 37 1 81 2 88 9 132 1 132.4 175.6 184 0 
FUSELAGE BODY SEPARATION - m 25 7 36 5 38 1 44 5 45.3 48 5 51.1 
WEIGHTS-IOOO kg 
STRUCTURE 71 3 158 4 173 7 248 4 249 2 325 2 317 7 
WING 31 4 74 1 78 5 120 4 126 3 157 5 154 7 
E)lPE'lNAGE 2.6 7 3 7 4 12 9 13 0 IS 8 17 4 
FUSELAGE 33 2 56 5 66 4 83 0 78 1 109 2 104 1 
LANDING GEAR 7 9 16 3 17 0 25 4 25 3 33 8 33 2 
NACELLE & PYLON 2 2 4 3 4 4 6 7 6 4 8 8 8 4 
PROPULSION SYSTEM 12 6 26 1 26 8 42 8 41 1 58 0 54 7 
SYSTEMS & EQUIPMENT 12 2 17 1 17 3 21 9 21 7 25 4 25 3 
WEIGHT EMPTY 102 1 201 5 217 8 313 1 311 9 408.5 397 7 
OPERATING EQUIPMENT 1 9 4.1 4 2 6 7 6 5 100 9 1 
OPERATING WEIGHT 132 205 5 221 9 319 8 318 4 418 5 406.9 
PAYLOAD 75 0 167 0 167 0 258 0 258 0 350 0 350 0 
FUEL-'1ISSION 57 9 1165 119 7 203 5 179 0 244 8 233 B 
GROSS 236 9 487 2 508 7 762 9 755 5 1013 3 990 6 
PROPULSION 
THRUST/ENGINE-I000 N 121 4 243 3 249 5 388.3 373 7 514 2 488.0 
PERFOR.'lANCE 
CRUISE L/D 21 66 22.34 22 66 21.84 22 47 21.93 22 58 
BLOCK FUEL - 1000 kg 48 5 97 4 100 1 154 8 149 6 204.7 195 4 
FUSELAGE DRAG 0 00821 o 00590 0.00534 o 00518 o 00476 o 00437 0.00450 
EQUIVALENT PARASITE DRAG AREA-SQ m 2 35 3 78 3.73 5 50 4.97 6.43 5 87 
ECO"lOMIC 
FUEL PRICE S/1 o 15 0.15 0.15 0.15 o 15 o 15 0.15 
AIRCRAFT PRICE SM 44 9 101.9 107 3 176.7 175.2 253 4 247 8 
DOC-';/AMgkm 5 23 4.5 4 64 4 57 4 49 4 49 4 37 
FUSELAGE WEIGHT/PAYLOAD o 443 o 338 0.398 o 322 o 303 o 312 o 297 
Mg-km/l 8.05 8.92 8.68 8.67 8.97 8.90 9.32 
CUSTOMARY UNITS 
PAYLOAD - LB 165,347 368,172 568,793 771,618 
FUSELAGE SHAPE C C 0 C 0 C 0 CONVENTIONAL (C) OVAL (O) 
GEOMETRY 
WI~G ASPECT RATIO 12.03 II 05 11 00 10.13 10.46 9 05 9.57 
AREA - 100 SQ FT 39 9 87.4 95 7 142.2 142.5 189.0 198.1 
FUSELAGE BODY SEPARATION-FT. 84.3 119 6 124.9 146.1 148 6 159 2 167 6 
WEIGHTS-IOOO LB 
STRUCTURE 170 4 349 3 382 9 547.6 549 3 7170 700.3 
WING 69.3 163 4 173 0 265 4 278.5 347.3 341.0 
EMPENNAGE 5 7 16.1 16.3 28 5 28 7 34.9 38.4 
FUSELAGE 73.2 124.5 146 4 183.0 172 1 240.8 229.4 
LANDING GEAR 17 4 36 0 37 5 56.0 55.7 74.5 73.1 
NACELLE & PYLON 4 8 9 4 9 6 14 8 14.2 19.5 18 5 
PROPULSION SYSTEM 27 7 57.5 59.0 94 4 90.6 127 8 120 7 
SYSTEMS & EQUIPMENT 27.0 37.7 38 2 48 3 47 9 55.9 55 8 
WEIGHT EMPTY 225.1 444 2 480 1 690.3 687 7 900 6 876.8 
OPERATING EQUIPMENT 4 1 9.0 9.3 14 7 14.3 22.0 20.1 
OPERATING WEIGHT 229.2 453 1 489 3 705 0 702 0 922.6 897 0 
PAYLOAD 165 3 368 2 368.2 568 8 568 7 771.6 771.6 
FUEL MISSION 127.7 256 8 264.0 448.7 394 6 539.7 515.4 
GROSS 522 2 1074.1 1121 5 1681 9 1665 5 2233 9 2184 0 
PROPULSION 
THRUST/ENGINE-I000 LB 27 3 54.7 56.1 87 3 84 0 115 6 109 7 
PERFORMANCE 
CRUISE L/D 21.66 22.34 22 66 21 84 22 47 21 93 22.58 
BLOCK FUEL - 1000 LB 106 9 214.8 220 7 341 2 329 8 451.2 430 8 
FUSELAGE DRAG o 00821 0.00590 o 00534 o 00518 o 00476 o 00437 0.00450 
EQUIVALENT PARASITE AREA - SQ FT. 25 25 40 67 40 18 59 24 53 55 69 16 63 21 
ECONOMIC 
FUEL PRICE - S/GAL o 57 o 57 o 57 o 57 o 57 o 57 o 57 
AIRCRAFT PRICE $M 44 9 101 9 107 3 176 7 175 2 253 4 247 8 
DOC-.;/AT~ 8 79 7.50 7 79 7 67 7 54 7 55 7 34 
FUSELAGE WEIGHT/PAYLOAD o 443 o 338 o 398 o 322 o 303 o 312 o 297 
TON NM/GAL FUEL 18 14 20 10 19 56 19 54 20 22 20 05 21 00 
Flgure A-13. Fuselage Study - Three-Body Aircraft Data Summary 
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craft and the oval fuselage shape pro-
vides the minimum DOC for the 258,000 
kg (568,793 lb) and 350,000 kg (771,618 
lb) payload a1rcraft. Although the 
167,000 kg (368,172 lb) payload oval 
fuselage aircraft has a lower wetted 
area and drag than the conventional 
fuselage aircraft, its weight is 
higher. For this two-stick arrangement 
the wetted area and drag advantages are 
offset by the decrease in structural 
efficiency of the oval shape compared 
to the conventional shape. The con-
ventional shape has only two breaks in 
the external contour where pressure 
loads must be reacted by tension ties 
to prevent fuselage cover bending 
loads. The oval shape has four ex-
ternal contour breaks resulting in 
additional structural elements to react 
the pressure loads. From the aircraft 
sizing data it is shown that not until 
the three-stick arrangement of the two 
higher payloads is reached does the 
decrease in fuselage wetted area and 
drag offset the reduced structural 
efficiency of the oval shape. 
Based upon the data presented, the 
following shape selections are made as 
a function of aircraft payload value 
for both the two-body and three-body 
configurations: 
Payload Fuselage No. 
- kg (lb) Shape Sticks 
75,000 (165,347) Conventional 1 
167,000 (368,172) Conventional 2 
258,000 (568,793) Oval 3 
350,000 (771,618 ) Oval 3 
A.6 OVAL SHAPE FUSELAGE ANALYSIS 
The oval shape offered the advan-
tages of minimizing cross sectional 
fuselage area to enclose a given cargo 
compartment while retaining the ability 
to react internal pressure as hoop ten-
sion in the skin. However, the design 
produces inefficiencies resulting from 
the kick loads generated at the inter-
sections of the circular arcs and the 
presence of the high hoop tension 
stresses occurring in the large radius 
arcs. Tension ties are required to 
react the loads. Several additional 
variables which influence the fuselage 
structural weight are cabin pressure, 
underfloor depth, cargo floor width, 
and pressure skin curvature. The oval 
section weight factors derived for this 
study reflect the difference in oval 
and conventional shapes and are shown 
1n Figure A-14. A section weight fac-
tor of 1.00 is assigned to conventional 
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Figure A-14. Section Weight Factor 
vs Cargo Sticks 
4 
In the conventional fuselage, the 
enclosure above the cargo floor is a 
single circular cylinder with the 
radius defined to clear a predetermined 
cargo envelope. The region below the 
cargo floor is not constrained in cross 
s~ctional area by cargo envelope re-
quirements and can be opt1mized for 
best structural depth. This is not 
true for the oval shape. The oval 
fuselage section for the two and three 
stick cargo arrangements are seventeen 
and six percent heavier, respect1vely, 
than conventional shapes. The fact 
that one section is heavier than 
another does not indicate a preference 
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for selection. The data used for 
selection of either oval or convention-
al a1rcraft are presented ln Section 
A.5. 
The sectlon weight factor for the 
four stick oval shape 1S two percent 
lighter than that for the conventlOnal 
shape. Fuselages for wide cargo com-
partments result 1n considerable 
amounts of unusable volume above the 
compartment. In this case the disad-
vantage of the unusable volume of the 
conventional shape offsets the disad-
vantages previously discussed for the 
oval shape. The four stick container 
arrangement is required to minimize the 
length of the cargo compartment for 
very large payloads. 
Three oval shape configuration op-
tions are analyzed as shown in Figure 
A-15. The primary variable defining 
each of these shapes is the under floor 
beam depth. Each of the three configu-
ration options has the same compartment 
cross section and fuselage width. Con-
figuration 1 has the minimum beam depth 
and cross section area. This results 
in the highest fuselage efficiency, 
(ratio of container/ fuselage area). 
The only disadvantage associated with 
this conf1guration is that it has the 
h1ghest section weight factor. Con-
figurat10n 2 has an increased beam 
depth of 25 percent and a cross section 
area increase of 10 percent compared to 
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Figure A-IS. Oval Fuselage Cross-Section Shape Comparlson 
fuselage efficiency by 9 percent, and 
the section weight factor by 8.4 per-
cent. ConfIguration 3 has the lowest 
fuselage efficiency and sectlon weight 
factor as its beam depth of 330 cm (130 
inches) approaches that of a full cir-
cular fuselage having a 480 cm (189 
inch) beam depth. 
To further evaluate the oval shapes, 
a fuselage was slZed for each of the 
three section configurations. Summary 
data for each fuselage IS shown in Fig-
ure A-16. Each fuselage has a forward 
body fineness ratio ( A ) of 1.5, an 
aft A of 2.5, and a total fuselage A 
in excess of 11. All cargo floors are 
94.5 m (310 feet) long and have access 
to permit sImultaneous loading of two 
sticks of cargo. The contaIner ar-
rangement for optlons and 2 is iden-
tical. ConfIguration option 3 has the 
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minimum constant section length and 
accommodates more containers in the 
tapered areas, thus producing the 
minimum fuselage length and wetted 
area. 
The three fuselages have a maximum 
length variation of only three percent, 
however, the increase in wetted area 
from configuration option 1 to 3 is 
nine percent. The changes in wetted 
areas for configurations 1 and 2 are 
not significant. A plot of the fuse-
lage weight as related to the floor 
beam depth is shown in Figure A-17. 
The minimum weight fuselage has a con-
stant section floor beam depth of 254 
cm (100 inch) (Configuration No.2). 
The fuselage weight IS directly pro-
portional to the aircraft gross weIght; 
thus, confIguration 2 fuselage is se-
lected as one of the confIgurations 
CONFIGURATION OPTION 1 2 3 
BEAM DEPTH - em (IN.) 203.20 (BO.OO) 254.00 (100.00) 330.20 (130.00) 
CONSTANT SECTION LENGTII-m (FT) 76.17 (249.90) 73.49 (241.10) 73.15 (240.00) 
TOTAL LENGTH - m (FT) 112.44 (36B.90) 111. 53 (365.90) 114.70 (376.30) 
WETTED AREA - SQ. m (SQ. FT) 3057 (32,900) 3066 (33,000) 3335 (35,900) 
FUSELAGE " 12.4 11.7 11.1 
Figure A-16. Fuselage Summary Data 
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Figure A-17. Oval Fuselage Weight vs Constant Section Floor Beam Depth 
used in the single body fuselage sizing 
and selection study (Section A-7). 
A.7 SINGLEBODY FUSELAGE SIZING AND SE-
LECTION 
Payloads and sizing requirements for 
the slngle body reference aircraft 
fuselages are the same as those shown 
for the mult1body fuselages, except 
that each payload herein is to be 
transported in a single fuselage. Since 
the payloads are accommodated 1n a 
single fuselage, certain fuselage cross 
sections are eliminated based on geo-
metr ic data. For example, a 75,000 kg 
(165,347 lb) payload, 24 containers in 
a four-stick arrangement results in a 
total fuselage LlDe of 4.7. Of this 
value, 4.0 1S solely for the forebody 
and afterbody which results in a vir-
tually nonexistent fuselage constant 
section. Conversely, a 350,000 kg 
(771,618 lb) payload, 112 containers, 
in a swgle-stick arrangement results 
in a fuselage 365.8 m (1200 ft) in 
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length. Evaluation of and selections 
from more reasonable combinations of 
payloads, cross sectlons, and stlck 
arrangements are shown in Figure A-18. 
For the 75, OOOkg ( 165,347 lb) pay-
load, conventional fuselages are deve-
loped using the data previously shown 
in Figures A-4 and A-5. Correspondwg 
data for the oval fuselages is shown in 
Flgures A-7 and A-8. Al though the 
75,000 kg (165,347 lb) payload, two-
stick oval fuselage has a lower wetted 
area (drag) than the correspondlng con-
ventional fuselage, as shown in Figure 
A-18, its weight is higher. For thlS 
two-stick arrangement, the wetted area 
advantage is offset by the decrease in 
structural efficiency of the oval shape 
compared to the conventional shape. The 
same effect is shown for the 167,000 kg 
(368,172 lb) payload for the multlbody 
fuselage slzing and selectlon, along 
wlth an explanation for the structural 
efflciency decrease. The conventional 
fuselage with a two-stick arrangement 
is selected for the 75,000 kg (165,347 
lb) payload single body reference alr-
craft for the above reason and because 
it has the preferred LID , as it re-
e 
lates to Figure A-3, for Mach 0.80. 
The conventional fuselage for the 
167,000 kg (368,172 lb) payload is 
based on the three-stick arrangement 
shown in Figures A-4 and A-5. The oval 
fuselages are based on data shown in 
Figure A-7 and the correspondlng floor 
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plans shown in Figure A-8. The oval 
shape with a three-stick arrangement is 
selected for thlS payload since, as 
shown in Flgure A-18, this fuselage has 
the better LID and fuselage efflciency 
e 
combination and the lower wetted area. 
For the larger payloads, 258,000 kg 
(568,793 lb) and 350,000 kg (771,618 
lb), a four-stick arrangement is re-
quired for the single body reference 
alrcraft. It is evident from Figure 
A-18 that the three-stlck arrangement 
has a very high LID e for the largest 
payload. The fuselage cross section 
and floor plan for the four-stick con-
figuratlon are shown in Figure A-19. In 
Figures A-12 and A-13 the multibody 
three-stick oval fuselage aircraft are 
shown to have lower DOC than the 
three-stick conventional fuselage air-
craft for the above payloads. Based on 
these data, the oval shape fuselage is 
selected for the four stick arrangement 
single body reference alrcraft. 
Stick arrangements greater than four 
are not evaluated. A five-stick ar-
rangement has a fuselage width of ap-
proximately 15.2 m (50 ft) and a cargo 
floor width of 13.1 m (43 ft). This is 
belleved to be excesslve, due in part 
to the forebody fineness ratio as it 
relates to the nose visor door opening, 
to the structural span required for the 
cargo floor width, and to frontal area 
increases. 
PAYLOAD - kg 75,000 
(LB) (165,347) 
NUMBER OF CONTAINERS 24 
TYPE FUSELAGE 
C = CONVENTIONAL C 0 
o = OVAL 
NUMBER OF 
STICKS 1 2 3 2 3 
FUSELAGE 91 62 48 60 46 
LENGTH - m (FT) (298) (204) (157) (197) (150) 
WETTED 2 (FT2) 
1,067 1,034 964 979 888 
AREA - m (11,487) (11,130) (10,372) (10,542) (9,557) 
FUSELAGE 
FINENESS 
RATIO - LIDe 22.9 10.4 5.9 11.0 6.0 
FUSELAGE 
EFFICIENCY 0.484 0.424 0.346 0.512 0.402 
SELECTED 
FUSELAGE SHAPE X & STICK ARRANGEMENT 
PAYLOAD 
-
kg 167,000 258,000 350,000 
(LB) (368,172) (568,793) (771,618) 
NUMBER OF CONTAINERS 54 82 112 
TYPE FUSELAGE 
C - CONVENTIONAL C 0 0 0 
o .. OVAL 
NUMBER OF 
STICKS 3 2 3 3 4 3 4 
FUSELAGE 76 106 74 105 87 136 112 
LENGTH - m (FT) (250) (348) (243) (345) (284) (447) (366) 
WETTED 1,702 1,825 1,598 2,368 2,302 3,139 3,064 
AREA - m2 (FT2) (18,315) (19,647) (17,197) (25,492) (24,780) (33,784) (32,980) 
FUSELAGE 
FINENESS 
RATIO - LIDe 9.4 19.5 9.8 14.0 9.1 18.1 11.7 
FUSELAGE 
EFFICIENCY 0.346 0.512 0.402 0.402 0.335 0.4Q2 0.335 
SELECTED 
FUSELAGE SHAPE X X X & STICK ARRANGEMENT 
















2.44 m x 2.44 m 
(8 FT x 8 FT) 
4-STICK OVAL FUSELAGE X-SECTION SBR 
94.36 m __________ --i 
(31. 92 FT) p9.73 m (309.58 FT) 74.90 m ---------i (245.75 FT) 
24 ROWS 
CONTAINER CLEARANCES 
7.62 em (3.00 IN.) FORE/AFT 
15.24 em (6.00 IN.) LATERAL 
--FWD 
NO. OF CONTAINERS NET PAYLOAD FLOOR AREA DENSITY RECT. TOTAL 2.44m x 2.44m x 3.05m 
kg/m3 (LB/FT3) m2(FT2) m2 (FT2) (8 FT x 8 FT x 10 FT) 
112 159.86 788 957 (9.98) (8,478) (10,300) 
Flgure A-19. Oval Fuselage Data - Slngle Body Reference 
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Fuselages for the 258,000 kg 
(568,793 lb) payload are developed 
based on data shown in Flgure A-7 and 
A-8 for the three-stick arrangement and 
Figure A-19 for the four-stick arrange-
ment. Figure A-18 shows the four-stick 
arrangement to have the lower wetted 
area and the preferred LID and is the 
e 
selected configuration for this pay-
load. 
Since the 350,000 kg (771,618 lb) 
payload, three-stick arrangement, has 
an unacceptable LID of 18.1, as shown 
e 
ln Figure A-18, and because stick ar-
rangements greater than four are not 
evaluated, the four-stick oval is the 
only selection available for this pay-
load. For these reasons, a double-lobe 
fuselage cross section is proposed for 
competitive evaluation with the four-
stick oval, shown as the selected con-
figuration in Figure A-18. 
Fuselages for the 350,000 kg 
(771,618 lb) payload point design air-
craft are developed based on data shown 
in Figure A-19 for the oval shape and 
in Figure A-20 for the double-lobe. 
Figure A-21 shows the double-lobe fuse-
lage to have the lesser wetted area and 
greater fuselage efficiency; the oval 
fuselage, however, has the more desir-
able LID , for Mach 0.80, as ind icated 
e 
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in Flgure A-3. This prevents a selec-
tion from being made based only upon 
these data, therefore, aicraft are 
sized for the two fuselage shapes and a 
competitive analysis is performed. The 
results of this analysis are shown in 
Figure A-22. As seen ln this figure, 
the oval fuselage aircraft is less in 
weight and cost than the double-lobe 
configuration, though slightly higher 
in fuselage drag. The higher weight of 
the double-lobe aircraft is due primar-
ily to the fuselage structural tie ar-
rangement, which requires vertical ten-
sion ties at the intersection of the 
two lobes, and to the increased wing 
area and block fuel. 
The selection criterion, DOC, shows 
the oval fuselage configuration to have 
the lower DOC of the two aircraft. Fig-
ure A-22 shows the oval fuselage alr-
craft has a DOC of 7.10t/AMgkm (11.93tl 
ATNM) , versus 7.40t/AMgkm (12.44tATNM) 
for the double-lobe aircraft, and 
therefore, remains the selected config-
uration for the 350,000 kg (771,618 lb) 
payload. 
Selection of the single body refer-
ence aircraft fuselage type and number 
of sticks, versus payload, is summa-
rized in Figure A-23. 
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350,000 112 159.86 (771,618) (9.98) 
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Figure A-ZO. Double-Lobe Fuselage Data - Slngle Body Reference 
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PAYLOAD PER FUSELAGE - kg (LB) 
FUSELAGE SHAPE 




MAX. X-SECT. AREA - SQ.m. (SQ. FT.) 
FUSE. EQUIVALENT DIA. - m (FT) 
WETTED AREA (Aw) - SQ.m. (SQ.FT.) 
PRESSURIZED VOLUME - CU.m. (CU.FT.) 
TOTAL CONTAINERS 
2.44 m x 2.44 m x 3.05 m 
(8 FT x 8 FT x 10 FT) 
FUSELAGE EFFICIENCY AC/~ 
FUSELAGE PAYLOAD/ ~ 






























Figure A-21. Fuselage Data Summary - Slngle Body Reference 
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PAYLOAD - kg (LB) 
FUSELAGE SHAPE 
GEOMETRY 
WING ASPECT RATIO 
AREA - 10 SQ.m. (100 SQ.FT.) 





LAND ING GEAR 
NACELLE & PYLON 
PROPULSION SYSTEM 








THRUST/ENGINE - 1000 N (1000 LB) 
PERFORMANCE 
CRUISE L/D 















































EQUIV. PARISITE AREA - SQ.m. (SQ.FT.) 4.64 (49.90) 4.78 (51.43) 
ECONOMIC 
FUEL PRICE - $/1 ($/GAL) 
AIRCRAFT PRICE - MILLION $ 
DOC - ¢/AMgkm (ATNM) 
FUSELAGE WEIGHT/PAYLOAD 











Flgure A-22. Aircraft Data Summary - Single Body Reference 
75,000 kg 167,000 kg 258,000 kg 350,000 kg 
PAYLOAD (165,347 Lil) (368,172 LB) (568,793 LB) (771 ,618 LB) 
TYPE FUSELAGE CONVENTIONAL OVAL OVAL OVAL 
NUMBER OF 
STICKS 2 3 4 4 
Figure A-23. Alrcraft Fuselage Selection Summary - Single Body Reference 
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This Page Intentionally Left Blank 
APPENDIX B 
MULTIBODY AIRCRAFT WING EFFICIENCY AND SPANLOAD DISTRIBUTION 
Studies of mul tibody aircraft re-
quire that an aerodynamic and structur-
al analysis be made for a series of 
two-body and three-body aircraft con-
figurations. To accomplish this analy-
sis, the spanwise load distributions 
and induced drag efficiencies are re-
qU1red. Since experimental data for 
determ1ning wing efficiencies and span-
wise loads for mult1body configurations 
are nonexistent, an analytical study is 
conducted to determ1ne these effects. 
The investigation involves the use of 
two computer programs, L1 and Hess, in 
the determination of theoretical load 
distributions used for the parametric 
studies. 
The HESS program is a subsonic, po-
tential flow panel method program, 
which employs constant strength surface 
source panels to account for thickness 
effects, and superimposes a dipole lat-
tice on lifting elements to account for 
circulation. While no corrections are 
made to include viscous effects, a 
first-order approximation for compres-
sibility is made using the Gothert rule 
to shrink the lateral geometry by {3 
= J, - H2. The L1 program uses a dis-
crete vortex lattice method. 
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The first task involves the deter-
mination of a reasonable baseline wing. 
The general planform 1S derived from 
mul tibody preliminary wing designs 
which include a "batted" center wing 
(zero trailing-edge sweep) between the 
bodies. However, the basic, tapered 
wing is used to simplify the relocation 
of the bodies. As is typical in the 
manufacturing process, the wing is de-
fined using linear lofting techniques 
with control stations at the root, tip, 
and mid-span location, or "break," at 
~=38.3 percent semispan, which corres-
ponds to the initial fuselage location 
of the two and three-body configura-
tions. Anhedral of 0.05 rad (3 degrees) 
is also incorporated for stability and 
control. 
Once the planform is defined, a the-
oretical analysis is performed on the 
wing alone using the L1 program to de-
termine a reasonable twist distribu-
tion. The analysis consists of per-
forming a matrix of runs at a constant 
angle of attack, and using a constant 
CL case to investigate the effects of 
1nboard and outboard washout variations 
on span efficiencies. The final twist 
schedule is 0.01 rad (4 degrees) at 
root, 0.05 rad (3 degrees) at "break," 
and zero rad (degrees) at tip. 
The second task involves five con-
figurations run on the HESS code. These 
consist of a wing-alone, a single body, 
two, two-bodies with different spanw1se 
fuselage locatlons, and a three-body 
configuration. A constant fuselage 
model is used for all cases to provide 
a basis for comparison, and the rela-
tive vertlcal location between the 
fuselage and wing is governed by the 
height of the cargo box. No attempt is 
made to add flllets to the wing/fuse-
lage intersection. Wing twist also re-
mains unchanged for all configurations. 
The final HESS models are shown in Fig-
ure B-1. 
Figure B-1. Hess Models for Aerodynamlc Loadlng Predictlon 
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It is determined that a wing/fuse-
lage crui se 1i ft coe fficient of 0.55 
will define the design point at which 
comparisons of wing efficiencies will 
be made. The span loading data ob-
tained from the HESS calculations are 
presented in Figure B-2 for all cases 
except the three-body aircraft. The 
tabulated data t showing span efficien-
cies for each case t include all five 
configurations. 
The use of the HESS code to cover 
the entire spectrum of needed body com-
binations is prohibitive from a cost 
standpoint. The L 1 vortex-lattice 
method (VLM) is chosen as the low-cost 
alternative. Initial efforts are aimed 
at finding a vortex-lattice configura-
tion that will adequately simulate the 
more accurate HESS results. 
Figure B-3 compares the span loading 
distribution results of the HESS rou-
WING ALONE a - 0 0153 RAD (0 874°) (CL • 0 083, a - -0 1004 RAD (-5 75°) e - 0 988 
---- SINGLE FUSELAGE 
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Figure E-J. l!ess and Vortex Lattice Span Loading Comparison for 
Two-Body Configuration 
tine and the VLM for the wide two-body 
configuration. The inset of this fig-
ure describes the vortex panel distri-
bution and local incidence required for 
the VLM to simulate the HESS results. 
The VLM solution for this paneling, 
which is obtained through trial and 
error, shows fair to good agreement. 
However, the 1nduced drag efficiencies 
for a series of two-body configura-
tions, shown in Figure B-4 as a func-
tion of body spanwise location, do not 
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satisfactorily represent the more rig-
orous solution obtained from the HESS 
routine. On this basis, the VLM ap-
proach is abandoned. 
It is noted that the body influence 
on the span loading as calculated by 
HESS is similar in shape as body loca-
tion 1S varied. Also, it appears that 
superposition of effects 1S valid, 
which indicates a relat1vely localized 
effect due to the bod1es. The incre-
mental span loading due to the body, 
1.0 
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Figure B-4. Wing Efficiency Comparison 
- Hess and Vortex 
Latt1ce Derivation 
i.e., the difference between the HESS 
results and the optimum loading, is 
presented in Figure B-5 at a CL = 0.55 
for the two-body locations. The net 
effect of this increment for both cases 
is zero by definition. Further exami-
nation of Figure 8-5 shows a similar 
geometric shape of the incremental lift 
for each body location. This similar-
ity led to the development of a pro-
prietary method which provides a math-
ematical representation of the incre-
mental lift effects for each body loca-
tion in terms of configuration geometry 
and lift loss at the body centerline. A 
typical incremental loading produced by 
the mathematical expression is shown in 
Figure B-6 and compared with the HESS 
results for a body centerline location 
at TI = 0.384. While the correlation 
between the mathematical representatlon 
and the actual HESS incremental lift is 
not exact, it is satisfactory for a 
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general representation of the body ef-
fects of the wing span loading distri-
bution as shown in Figure B-7. The 
total span load is determined to be the 
sum of the incremental body effects on 
11 ft and the optimum (or ell iptical) 
wing loading. 
The technlque, as developed, is ap-
plicable to single and two-body config-
urations. By superposition of the 
single and two-body effects, the incre-
mental span loading for three-body ef-
fects is available. By combining the 
incremental span loading effects for 
one, two, or three-body configurations 
with the optimum span loading distribu-
tion, the total span loading distribu-
tion for any wing-body combination can 
be developed. These results can then 
be used to establish the wing effici-
ency for the wing-body combination. 
Presented in Figure B-8 are the wing 
efficiencies for a serles of two-body 
configurations based on span loading 
distributions calculated using the 
developed technique. The good agree-
ment between the wing efficiency from 
the HESS span loadings and the wing ef-
ficiency from the calculated span load-
ings confirms the applicability of the 
method to prelimlnary investigations of 
multibody configurations. 
During the HESS analysis, no effort 
is made to obtain improved span effi-
ciency through lmproved wing-body junc-
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Figure B-8. Wlng Efflciency Comparison 




are available for improved wing effici-
ency, including (1) exposed wing upper 
surface in the region of the fuselage 
for improved carryover effects, (2) 
fuselage shaping or cambering for im-
proved body lift, and (3) wing-body 
filleting to reduce lnterference ef-
fects. The application of these speci-
fic design practices is not within the 
scope of this study; however, an esti-
mate of the available benefits is in 
order. 
'" By applying the design techniques 
mentioned above, it is assumed that 
various percentage improvements could 
be obtained in the lift-loss due to the 
body. A 100 percent improvement repre-
sents the clean wing. At 50 percent 
improvement, the wing efficiency of the 
single body configuration changes from 
0.87 for the unimproved HESS results to 
0.96. This level of efficiency is re-
presentative of that attained on con-
ventional, single body aircraft. A 
similar improvement is achieved on the 
narrow two-body ( ~ = 0.192) configura-
tion for the same percentage change in 
body lift loss; that is, the efficiency 
changes from 0.76 to 0.925. Since 
these trends are compatible with normal 
design results, a 50 percent improve-
ment in body lift loss is assumed for 
all multibody configurations. 
36 
Span load dlstributions are devel-
oped for a series of ~wo and three-body 
configurations and the attendant effi-
ciency factors determined. These re-
suI ts are presented in Figures B-9 and 
8-10 as a function of body location and 
diameter relative to wing span. These 
data are based on mathematical repre-
sentation of the body-induced span 
loading increments and correlated with 
the results obtained from HESS for sim-
ple, multiple wing-body configurations. 
The results include the presumed effect 
of a 50 percent improvement in the in-
cremental lift loss due to the body 
that is available through critical 
aerodynamic design. The data in Figures 
B-9 and B-10 are those used throughout 
the parametric study to define wing 
efficiency for various body locations 
and sizes. It is recognized that this 
procedure is correlated only with re-
suI ts from a more rigorous analytical 
tool, namely the HESS code, which has 
been shown to produce accurate inter-
ference effects. The mathematical 
model used here represents a low-cost 
alternative to HESS, and future efforts 
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APPENDIX C 
WING PLANFORM AND BODY SPANWISE 
LOCATION SELECTION 
C.1 PRELIMINARY WING PLANFORM DEFINI-
TION STUDIES 
The initial stud ies of the mul ti-
body aircraft include investigations of 
four payload values; 75.000. 167.000. 
258.000. and 350.000 kg (165.347. 
368.172. 568.793. and 771.618 Ib). and 
body wing semispan locations of 19. 
38.5. and 50 percent. The results of 
these studies identify the existence of 
a number of performance. structural. 
and control problem. The 258.000 kg 
(568.793 Ib) payload aircraft shown in 
Figures C-1 and C-2 with bodies located 
at 50 percent wing semispan will be 
used to ill ustrate these problems and 
their potential solutions. 
The wing planform used for these 
aircraft has a swept straight leading 
edge and a zero swept trailing edge 
between the bodies. The sweep of the 
outer panel is 0.44 rad (25 degrees) at 
the quarter chord line. As shown by 
the wing planform data given in Figure 
C-3. 82 and 79 percent of the total 
wing area is encompassed by the wing 
inner panel for the two and three-body 
aircraft. respectively. Assuming an 
elliptical lift distribution over this 
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wing area distribution results in rela-
tively high section lift coefflcients 
required over the outer panel when com-
pared to those of the inner panel. In 
addition. this area distribution. in 
relationship to its influence on chord 
length in combination with the assumed 
thickness distrlbution. results in an 
inefficient wing structural arrange-
ment. The relatlvely small outer wing 
panel also minimizes the magnitude of 
the control forces which can be pro-
duced. This control force problem is 
compounded by the location of the 
bodies at 50 percent semispan where the 
moment of inertia produced and required 
to be reacted by the control force will 
be very high. The two-body aircraft is 
used as a means to investigate these 
problems such that possible solutions 
and/or required additional studies can 
be identified. 
C.1.1 Wing Performance 
The basic aerodynamic data used. in-
cluding the wing estimated span effici-
ency and load distribution. are based 
upon a Hess code model analysls. The 
analysis is generalized to apply to 
SPEED 0.80 MACH 
PAYLOAD 258,000 kg (568,793 LB) 
RANGE 6,482 km (3,500 NM) 
OPERATING WT. 250,973 kg (553,300 LB) 
BLOCK FUEL 125,872 kg (277,500 LB) 
GROSS WT. 659,342 kg (1,453,600 LB) 
ENGINE THRUST 310,797 N (69,870 LB) 
ASPECT RATIO 12.58 
123.1 m 1------------(404 FT)----------o-I 
1"""11>---_--,61. 6 m ,..--__ -.1.1 (202 FT) 
.-... _____ 70.7 m ____ ...-I 
(232 FT) 
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307,218 kg (677,300 LB) 
146,284 kg (322,500 LB) 
740,263 kg (1,632,000 LB) 
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Sc = 987.0 SQ.m (10,624 SQ. FT) 
So = 218.9 SQ.m (2,356 SQ. FT) 
St = 1205.9 SQ.m (12,980 SQ. FT) 
bc .. 71.18 m (233.52 FT) 
bo .. 51.97 m (170.51 FT) 
b t = 123.15 m (404.03 FT) 
tIc" 0.0921 
t .. 0.48 m 
(1.58 FT) 
tIc = 0.0921 
t .. 0.30 m 
(0.97 FT) 
~ f--i--+-9.6 m (31.5 FT) o. 5 (~)----t-i CHORD 




TWO-BODY WING PLANFORM 
0.0904 
t .. 2 .17 m <i FUS. 
(7.13 FT) 
Sc .. 1,066.8 SQ. m (11,483 SQ. FT) 
So .. 283.1 SQ. m (3,047 SQ. FT) 
St .. 1,349.9 SQ. m (14,530 SQ. FT) 
be .. 68.49 m (224.72 FT) 
bo .. 49.29 m (161.72 FT) 
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THREE-BODY WING PLANFORM 
Flgure C-3. Wing Planform Definition - Two-and-Three-Body Alrcraft 
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various body locations assuming a wing 
elliptical loading is achieved. Al-
though the Hess analysis was based upon 
a wing planform with full span leading 
and trailing edge sweep. it was assumed 
the results would be applicable to the 
study planform. if an equivalent span 
loading were maintained. However. the 
results of the analysis indicate a need 
to refine and/or apply additional con-
straints to the analysis. The areas of 
concern are illustrated by examining 
the wings which are optimized at each 
of three body semispan locations. 
TWO-BODY - 258,000 
1) GROSS WEIGHT 
0.19 762,449 kg (1,680,912 
0.385 689,211 kg (1,519,451 
1.0 0.50 659,319 kg (1,453,549 
0.4 
0.2 
Figure C-4 shows the wing section 
lift coefficient (c1) vs wing semlspan 
location of the three selected body 
locations based on an elliptic span 
load distribution. Because of the 
trailing-edge bat between the fuse-
lages. the wlngs are geometrically 
composed of two panels with the break 
station at the outer side of the fuse-
lage. The increasingly large bat size 
as body spanwise location increases 
results in large local chords on the 
inner panel WhlCh requlre low local 
lift coefficlent values to achieve an 
kg (568,793 LB) - OVAL, 
DATE TIME tic REF 
LB) 1/11/80 14:08 0.1124 
LB) 1/9/80 13:43 0.1023 




PERCENT SEMISPAN (fJ) 
Flgure C-4. Section Lift Coefficients - Estimated 
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ellipt1c loading. Achieving the 
elliptic load also implies increasingly 
higher local lift coefficients on the 
outer panel as the chord lengths on 
this panel, relative to the inner 
panel, become smaller. As shown in 
Figure C-4, the section lift coeffi-
cient projected for the outer panel for 
the configuration with the body located 
at 50 percent semispan is very high and 
probably unachievable. 
The high local lift coefficient has 
an undesirable effect, since, if other 
pertinent parameters such as sweep 
angle, Mach number, and desired com-
pressible drag level are fixed, the 
allowable thickness ratio varies in-
versely with lift coefficient. Hence, 
wi th the body at the most outer loca-
tion, the thickness ratio of the outer 
panel is relatively low. When coupled 
with the short chord length of the wing 
outer panel, this results in insuffi-
cient wing thickness at the body for an 
efficient structural design. 
C.1.2 Wing structural Efficiency 
The results of a preliminary struc-
tural analysis of the wing as def1ned 
by the planform geometry glven 1n Fig-
ure C-3 1ndicate that the wing we1ght 
should be increased as much as 20 to 40 
percent. This is due to several fac-
tors. The most significant factor 1S 
the w1ng planform geometric constraint. 
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An optimum structural arrangement would 
locate the wing maximum thickness and 
chord length at the wing stat10n where 
the maximum bending moment is develop-
ed. This maximum bending moment as 
shown in F1gure C-5 occurs approximate-
ly at the body centerllne. However, 
for these aircraft, the wing chord and 
thickness are constrained at the cen-
terline location, as prev10usly dis-
cussed, for aerodynamic reasons. The 
structural thickness at the point of 
maximum load is only 45.7 cm (18 in.) 
(refer to Figure C-3). As a result of 
this constrained thickness, the cover 
load is approximately 21,429' kg/cm 
(120,000 Ib/in.) as shown in Figure 
C-6. For comparison, the C-5 loading 
is about 7143 kg/cm (40,000 lb/in.) and 
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The wing cover material thickness 
required to react these cover loads is 
shown in Figure C-7. Wing cover thick-
ness ({) is defined as the total wing 
box cover cross-sectional area divided 
by the wing box chord. As shown in the 
figure, t for the multibody wing at the 
fuselage/wing junction is approximately 
6.99 cm (2.75 in.) as compared to 1.91 
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Flgure C-7. Wing Cover Thickness 
Dlstributl0n - 258,000 kg 
(568,793 lb) Two-Body 
Oval Fuselage 
Obviously, based upon the { required, 
the optimum wing structural arrangement 
has not been used • 
C.1.3 Control Force Requirements 
The two and three-body configura-
tions as shown in Figures C-1 and C-2 
would have obvious control problems. 
Since the two-body configuration would 
be most critical, comments are directed 
towards it. The same logic, but to a 
lesser degree, applies to the three-
body. 
Although exact roll requirements are 
unknown. preliminary studies of very 
large aircraft show that desired levels 
of roll capability are similar to those 
of the largest flying aircraft - the 
C-5A. The two-body aircraft, as shown, 
using available conventional spoilers 
and ailerons has only 20 percent of the 
desired level. 
At 1.3VS' for example, it would take 
three seconds of maximum control to 
bank the aircraft 0.16 rad (9 degrees). 
The tremendous inertia and the lack of 
control area combine to compound the 
problem. Weight of the aircraft is 
double that of a C-5, but the inertia 
in roll as given in Figure C-8 is in-
creased by a factor of 10. Total wing 
area and span are doubled to increase 
roll availability, but the area distri-
bution is unusual. Only 18 percent of 
the area is outboard of the fuselage. 
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Figure C-8. Moment o~f Inertia 
Envelopes - Two-Body 
A1rcraft Oval Fuselage 
The seriousness of this is noted by the 
amount of rolling moment generated when 
using this entire area. With each tip 
panel operating differentially at a 
11 ft coefficient of 1.0, only 25 per-
cent of the desired roll capability is 
achieved. 
The feasibility of using direct 
force by deflecting engine thrust was 
checked. This was shown to be futile. 
The efficient way to generate large 
rolling moments is known to be by aero-
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dynamically loadIng large areas wIth 
large moment arms. 
Moving the fuselages inboard and 
increasing control area near the tips 
appears to be the only feasible way to 
alleviate control problems. A move of 
the fuselages from 50 to 40 percent 
semispan increases the roll capability 
by 30 percent due to inertia relief 
alone. Additional roll capability is 
also gained by the increase in wIng 
outboard panel area. 
C.1.4 Ride Quality Problems 
Comparisons of C-5 roll capabilities 
to military specification requirements 
brought out some interesting aspects 
which are applicable to the two-body 
configuration. It is stated that 
increasing the C-5 present acceptable 
roll capabilities to meet more strin-
gent requirements would further aggra-
vate a potential "side-kick" problem. 
The C-5 flight control station is ap-
proximately 4.9m (16 ft) above the 
centerline of the fuselage. Abrupt 
rolls to demonstrate maximum capability 
produce a noticeable lateral force at 
the fl ight station since it is offset 
from the axis of rotation. This has 
not been a problem in service since the 
pilot does not normally use such vio-
lent maneuvers. The two-body configu-
ration with the proposed roll capabili-
ty equal to that of the present C-5 
could, however, have serious problems. 
Full roll control imposes a 0.6g verti-
cal load to anyone at the flight sta-
tion 30.8m (101 ft) out on the wing. If 
the roll rate then develops to 0.52 
rad/sec (30 degrees/second), the flight 
station personnel will experience a 
very noticeable "side-kick" of approxi-
mately 0.9g laterally. These forces 
would probably be disconcerting to a 
pilot on final approach. 
C.1.5 Landing Gear/Airframe Integra-
tion 
The location of the landing gear is 
not directly related to the problems 
associated with the wing planform geo-
metry; however, the wing structural re-
quirements are impacted signiflcantly 
by the location chosen. The aircraft 
defined by Figures C-1 and C-2 have 
both the nose and main landing gear 
bogie centerlines located on the two 
fuselage centerlines, providing minimum 
wing weight. The fuselage centerlines 
are located at 50 percent wing semi-
span; this equates to a fuselage separ-
ation distance of 61.6 and 58.8m (202 
and 193 ft), respectively, for the two 
and three-body aircraft. For compati-
bility with a commercial runway width 
of 45.7m (150 ft), the maximum landing 
gear centerline separation distance is 
approximately 39.6m (130 ft). This 
maximum lateral separation of the main 
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gear is based on the assumption that 
future improvements in airport perform-
ance systems technology would permit 
operation on a 45.7m (150 ft) wide run-
way. With this separation, the runway 
width is approXlmately 3.05m (10 ft) 
greater in wldth than the total gear 
treadwidth. If the fuselage locations 
remain at 50 percent semispan and the 
gear centerline separation is reduced 
to 39.6m (130 ft), the gear centerline 
to fuselage centerline displacement be-
comes 11.0 and 9.60m (36 and 31.5 ft), 
respecti vel y, for the two and three-
body aircraft. The down bending moment 
created by the landing gear being dis-
placed inboard of the fuselage results 
in critical loads being input into the 
wing structure. Increased wing 
strength is required to react these 
loads thereby increasing wing weight. 
The two-body concept compatible with a 
45.7m (150 ft) runway width is illus-
trated by the diagram shown in Figure 
C-9. In addition to the wing struc-
tural penalty, it is necessary to pro-
vide a housing/support of some type for 
the nose gear as shown on the diagram. 
This further increases the weight pen-
alty for the mimmum tread width gear 
concept. No weight difference is as-
sumed for the wing relocation from the 
hlgh to the low position. The lncreas-
ed alrcraft weight resultlng from these 
changes requires resizing of the air-
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Figure C-9. Minimum Tread \vldth Gear Concept - Two-Body Aircraft 
craft, thus escalating the weight pen-
alty associated w1th the minimum tread 
width gear. 
To provide a better understanding of 
the escalation effect resulting from 
aircraft resizing, the two-body air-
craft is reconfigured with the 39.6m 
(130 ft) gear tread width change only. 
All other configuration characteristics 
remain unchanged. This change requires 
an increase in wing weight of approxi-
mately 32,568 kg (11,800 lb) which is 
assumed to be obtained by an equal re-
duction in payload as shown by conf1g-
uration 1 in Figure C-10. Next, the 
aircraft 1S resized, configuration 2 in 
Figure C-10, to perform the same 
payload/range mission with this in-
creased wing weight. Aircraft gross 
weight increases by 85,215 kg (188,000 
lb) of which 16,329 kg (36,000 lb) is 
fuel and 68,946 kg (152,000 lb) is 
operating weight. To perform the re-
quired payload/range mission, the re-
sizing results in an additional 52,101 
kg (116,200 lb) as compared to config-
uration 1. 
As previously stated, the minimum 
wing weight occurs for any give config-
uration where the landing gear center-
line is located coincident with the 
fuselage centerline. Configuration 3 
in Figure C-10 represents a configura-
tion where both the landing gear and 
fuselage bodies have been moved inboard 
to the 39.6m (130 ft) separatlOn dis-
tance. This configuration is obtained 
by the use of parametric output data 
given in Figure C-11. US1ng the upper 
plot of this figure 1t is determ1ned 
BODY BODY GEAR PAYLOAD WING WT. OPEMTING WT. FUEL WT. GROSS WT. DOC 
LOCATION SEPARATION TREAD -1000 -1000 -1000 -1000 -1000 ¢/AMgkrn 
ITEH (% SS) m (FT) rn (FT) kg (LB) kg (LB) kg (LB) kg (LD) kg (LB) (¢/ATNM) 
61.6 61.6 258.0 80.6 251.0 150.4 659.3 3.77 
B.T •• 50 (202) (202) (568.8) (177 .8) (553.3) (331. 5) (1453.6) (6.34) 
61.6 39.6 225.4 113.2 283.5 150.4 659.3 4.50 
1 50 (202) (130) (497.0) (249.6) (625.1) (331.5) (1453.6) (7.56) 
61.6 39.6 258.0 138.4 319.9 166.7 744.7 4.33 
2 50 (202) (130) (568.8) (305.1) (705.3) (367.6) (1641. 7) (7.27) 
39.6 39.6 258.0 91.0 271.4 165.7 695.0 4.07 
3 35 (130) (130) (568.8) (200.7) (598.3) (365.2) (1532.3) (6.B3) 
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Flgure C-ll. Body Location Effects -
258,000 kg (568,793 Ib) 
Two-Body Aircraft 
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that at a separation distance of 39.6m 
(130 ft), a body locatlon of 35 percent 
semlspan is required. Gross weight for 
this concept, as compared to the base-
line (BL) 50 percent semispan aircraft, 
lS increased by 35,698 kg (78,700 lb) 
of which 15,286 kg (33,700 lb) is fuel 
weight and 20,412 kg (45,000 lb) is 
operating weight. The sl ight di ffer-
ence found when these data are compared 
to the data given in Figure C-11 can be 
attnbuted to the inaccuracy of plot-
tlng three pOlnt data. 
In summary, if the DOC values given 
in Figure C-10 are compared for the 
above configurations, it can be seen 
that the least penalty is incurred when 
the gear and body centerllne locations 
cOlncide. It is noted that the weight 
and drag penalty associated with pro-
viding nose gear housing and support is 
not included in configurations 1 and 2 
weight summaries. Hence, the true 
weight and DOC penalties for these con-
figurations would be larger than indi-
cated. The results of these data 
lndicate that for runway compatibility, 
the fuselage separation should be no 
greater than 39.6m (130 ft) with a 
coincident landlng gear location. 
C.1.6 Conclusions 
From the prevlous investigations it 
lS shown that the basic problems asso-
ciated Wl th the aircraft result from 
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large wing chord variations dictated by 
the wing plan form concept used. It is 
apparent that structural improvements 
will result from planform concepts hav-
ing reduced root chord lengths. Reduc-
ing the root chord length wlll redlS-
tribute the wing area and tend to In-
crease the area of the outer panel. 
This will increase the chord length and 
the allowable thickness ratio of the 
wing outer panel. Aircraft control 
capability will also be improved with 
the increase in wing area outboard of 
the fuselage bodies. 
C.2 WING PLANFORM SELECTION 
Three wing planforms are investigat-
ed which have geometric characteristics 
selected on the basis of achieving a 
balance between the wing areas inboard 
and outboard of the fuselage bodies. 
These planforms are represented in 
Figure C-12 and are identified as plan-
form numbers 2, 3, and 4. Planform 
number retains the same geometric 
concept of the previous study and is 
used as a basis for comparison. 
Two and three-body 350,000 kg 
(771,618 lb) payload aircraft are sized 
for each of the planforms glven in 
Figure C-12 at three body locatlOns. 
Both two and three-body aircraft are 
Sl zed at bod y location of 50 percent 
semispan and at a fixed body separation 
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Figure C-12. Wing Planform Variations 
location is 19 percent semispan for the 
two-bod y and 44.25 percent for the 
three-body. 
A review of the two-body sizing data 
given in Figure C-13 indicates a selec-
bon of either planform number 3 or 4 
1S acceptable. Performance, structu-
ral, and control capability charac-
teristics of these planforms are im-
proved when compared to the basel1ne 
plan form number 1 or to plan form number 
2. The ratio of the Wlng area outboard 
of the fuselage body to the total w1ng 
(Sw ISw) is increased. Th1S area re-
o 
location from the 1nboard panel to the 
outboard panel provides 1mproved con-
trol capablll ty and increases both 
chord length and th1ckness (Cb and t b ) 
at the outboard side of the fuselage 
where the wing maximum bending moment 
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occurs. Wing chord variation 1S also 
reduced as indicated by the increase in 
taper ratio (Ct/Cr ) , thus improving 
section lift coeffic1ent distribution 
and thereby improving thickness dis-
tnbution. 
The unswept center section planform 
number 3 and the straight taper plan-
form number 4 also optimize at lower 
DOC values than do the other two plan-
forms. Therefore, these plan forms (3 
and 4) are selected to be used on the 
two-body point design aircraft. 
The three-body sizing data given in 
Figure C-14 show results very similar 
to those of the two-body aircraft siz-
ing. However, as only one three-body 
aircraft is to be analyzed within the 
point design study, planform number 3 
is selected. Al though this plan form 
does not have the minimum DOC it does 
have the best geometric character-
istics. The ratio of outer wing ar<:!a 
to total w1ng area, the ratio of tip 
chord to root chord, and wing break 
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Figure C-13. Wing Planform Comparison - Two-Body Aircraft 






















































~ CD ® ® 0 PLANFORM • COMPARISON -- BASELINE REDUCED SWEEP UN SWEPT - STRAIGHT DATA CENTER SECTION CENTER SECTION TAPER 
BODY SEPARATION -FT 74.95 74.80 74.92 74.78 
WING AR 9.46 9.60 10.32 9.50 
Sw -SQ.FT. 16,457 16,139 15,063 16,307 
S 
- S 0.58 0.60 0.67 0.65 w w 
0 
Cb - FT 44.98 45.54 47.21 49.60 
tb - FT 6.59 6.71 7.12 7.60 
C 
- FT 84.42 r 76.22 47.21 59.19 
C - C t r 0.25 0.29 0.48 0.40 
WING WI - LB 295,689 295,437 290,788 279,714 
WING WI - LB/SQ FT 17.97 18.31 19.31 17.15 
OPER WI - LB 839,596 836,431 821,436 820,016 
BLOCK FUEL - LB 441,432 438,235 425,212 440,669 
GROSS WI - LB 2,138,597 2,131,700 2,101,395 2,118,087 
DOC - C/ATNM 7.47 7.43 7.27 7.40 
(1.30/GAL) 
BODY SEPARATION -FT 130 130 130 130 
WING AR 8.58 9.22 10.60 9.25 
SW -SQ.FT. 17,288 16,249 14,874 15,380 
S - S 0.37 0.40 0.53 0.47 w w 
0 
Cb - FT 37.43 37.33 43.54 43.29 
tb - FT 5.38 5.37 6.74 6.62 
C 
r 
- FT 97.12 83.96 43.54 58.25 
C - C t r 0.21 0.24 0.53 0.40 
WING WI - LB 212,474 231,949 255,842 206,270 
WING WI - LB/SQ FT 12.29 14.27 17.20 13.41 
OPER WI - LB 745,399 757,617 774,096 728,803 
BLOCK FUEL - LB 426,859 417,109 405,473 416,619 
GROSS WI - LB 2,026,816 2,027,681 2,030,583 1,998,206 
DOC - C/ATNM 7.06 7.01 6.96 6.91 
(1.30/GAL) 
BODY SEPARATION -FT 221.02 195.18 194.45 203.31 
WING AR 8.34 8.13 10.41 10.85 
Sw -SQ.FT. 23,437 18,752 14,535 15,238 
S ~ S 
w w 
0.19 0.22 0.37 0.32 
0 
Cb - FT 29.13 31.60 40.66 34.99 
tb - FT 4.22 4.55 6.49 5.46 
C 
r - FT 121.33 97.03 40.66 53.54 
C - C t r 0.15 0.20 0.61 0.40 
WING WI - LB 203,521 182,760 219,903 182,358 
WING WI - LB/SQ FT 8.68 9.75 15.13 11.97 
OPER WI - LB 756,565 713,960 731,177 688,269 
BLOCK FUEL - LB 449,669 424,714 397,310 384,489 
GROSS WI - LB 2,064,606 1,992,708 1,977 ,876 1,919,464 
DOC - C/ATNM 7.31 6.95 6.75 6.52 
(1.30/GAL) 
Figure C-13. Wing Planform Comparison - Two-Body Aircraft 








~ CD 0 ® 8) PLANFORM ~ COMPARISON --.- PARAMETRIC REDUCED SWEEP UN SWEPT - STRAIGHT DATA BASELINE CENTER SECTION CENTER SECTION TAPER 
BODY SEPARATION - m 39.62 39.62 39.62 39.62 
WING AR 8.96 9.23 10.30 9.00 




S 0.41 0.44 0.54 0.47 
W W 
0 
Cb - m 12.14 12.72 14.03 13.77 
tb - m 1.31 1.41 1.65 1.60 
C - m 24.64 21.68 14.03 18.46 r 
C .:. C t r 0.26 0.31 0.53 0.40 
WING WT - kg 2 147,106 149,403 159,258 130,607 
WING WT - kg/m 95.45 98.14 107.02 86.91 
OPER WT - kg 403,606 403,530 419,577 382,621 
BLOCK FUEL - kg 207,779 205,200 210,415 204,821 
GROSS WT - kg 1,002,070 998,954 1,021,201 977,564 
DOC - ¢/ AMgkm 4.64 4.61 4.74 4.52 
($0.34/1) 
BODY SEPARATION - m 57.10 57.77 59.47 57.12 
WING AR 9.64 10.80 12.29 11.10 
S - m2 1,727 1,579 1,469 1,501 
W 
S S 0.29 0.31 0.43 0.38 
W W 
0 
Cb - m 10.09 9.94 12.18 11.46 
tb - m 1.12 1.10 1.51 1.37 
C 
- m 26.78 22.20 12.18 16.61 r 
C -t Cr 0.22 0.26 0.58 0.40 
WING WT - kg 127,950 138,005 139,898 122,674 
WING WT - kg/m2 74.12 87.40 95.21 81. 73 
OPER WT - kg 382,798 387,658 387,972 366,592 
BLOCK FUEL - kg 198,459 190,894 191,010 186,271 
GROSS WT - kg 970,097 966,054 966,504 939,451 
DOC - ¢/ AMgkm 4.48 4.40 4.40 4.26 
($0.34/1) 
BODY SEPARATION - m 64.62 65.81 66.12 66.39 
WING AR2 9.23 10.64 12.22 11.90 
S - m 1,809 1,628 1,431 1,482 
W 
S S 0.23 0.26 0.38 0.32 
Wo W 
C -b m 9.45 9.21 11.81 10.47 
tb - m 1.05 1.02 1.48 1.26 
C 
- m 28.00 22.93 11.81 15.94 r 
C .:. C 0.21 0.24 0.61 0.40 t . r 
WING WT - kg 114,193 124,281 124,272 116,855 
WING WT - kg/m2 63.13 76.31 86.81 78.90 
OPER WT - kg 369,677 372,822 369,328 358,249 
BLOCK FUEL - kg 199,608 189,320 186,978 181,278 
GROSS WT - kg 958,257 949,275 943,024 925,153 
DOC - ¢/ AMgkm 4.44 4.33 4.29 4.18 
($0.34/1) 
F1gure C-14. W1ng Planform Comparison - Three-Body Aircraft 
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Figure C-14. Wing Planform Comparison - Three-Body Aircraft 
(Customary Units) (Sheet 2 of 2) 
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C.3 BODY SPANWISE LOCATION SELECTION 
Lateral control capability require-
ments lmpose a limit on the spanwise 
location of the fuselage bodies. As 
body locations are moved outboard, 
alrcraft roll inertia increases and 
lateral control effectiveness decreases 
(wing area available to provide capa-
bility decreases). To define a reason-
able body spanwise location limit, the 
lateral control capability is analyzed 
for four body locations, 19, 34.9, 38, 
and 50 percent semispan. The two-body 
unswept wing plan form number 3 aircraft 
of the previous wing planform selection 
study is used for this analysis. The 
lateral control task for establishing 
the requirement shown ln Figure C-15 
and discussed ln paragraph C.1.3 is 
used as the criterion to evaluate the 
aircraft configured for the various 
body locations. 
Wing characteristics of the eval-
uated aircraft are a 0.4 rad (25 de-
gree) quarter chord sweep angle and 
aspect ratios between 10.32 and 10.6. 
Alleron chord is 25 percent of the 
local wing chord and aileron span is 
from 70 percent semlspan to Just short 
of the tip. Spoller chord is 15 per-
cent of the local wing chord wlth the 
hinge line at 60 percent of the local 
wing chord. Spoiler span lS from the 
inboard tip of the alleron (70 percent 
semispan) to the outer slde of the 
fuselage. No spollers are used inboard 
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of the bodies. Maximum spoller deflec-
tlon is 1.05 rad (60 degrees), and max-
imum aileron deflection is 0.44 rad (25 
degrees) tralllng edge up and 0.26 rad 
(15 degrees) trailing edge down, givlng 
0.70 rad (40 degrees) total deflection. 
These specifications for the ailerons 
and spollers are the same as defined 
for the point design aircraft. 
Datcom methods are used to estimate 
the lateral control effectiveness. Ad-
Justment factors based on C-5 flight 
test data are appplied to the lateral 
control effectiveness values. C-5 
aeroelastic characteristics are used as 
being representatlve of multibody flex-
ibility characteristics. Flight condi-
tions are at sea level and 67.9 m/sec 
(132 knots) with flaps extended. 
Figure C-16 lS a 
two-body aircraft 
summary of the 
lateral control 
e ffectl vness and inertias. C-5 data 
are also shown in this flgure for com-
parison. Full lateral control roll 
acceleration calculated from these data 
are shown in Figure C-17. All of the 
two-body aircraft have less than half 
of the C-5 roll acceleration capablli-
ty. Figure C-18 shows estimated tlme 
histories of step input full lateral 
control roll maneuvers for these air-
craft. The mllitary speclficatlon re-
quirement from Reference 5 for Class 
III, Category C, Level 1, flight lS 
also shown. The two-body alrcraft do 
not meet thlS requlrement. 
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Figure C-1S. Typical Runway Offset Maneuver -





BODY POSITIONS (FLLL L\l ERAL CONIROL k~ 'II x 10 
(LB l~ 2 ~ 10-12 ) (f SEHISPA.'l) -SPOlLE"-S & AlLERot <;) 
19 o 1196 5 73 (1 96) 
38 o 0872 7 31 (2 50) 
50 a 0662 8 72 (2.98) 
34 8 o 0909 7 02 (2 4) 
(C-5) o 0983 o 524 (0 179) 
Figure C-16. Lateral Control 
Effectlveness and Inertias 
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Figure C-IB. Roll Time Histories -
Two-Body Aircraft 
Bank angle time histories for maxi-
mum lateral dlsplacement are estimated 
from data in Flgure C-18. These data 
are used to generate a lateral dis-
placement time history during the final 
approach sidestep maneuver. The later-
al displacements achieved are plotted 
in Figure C-19 • Maximum bank angle is 
limited to 0.26 rad (15 degrees), and 
data are calculated for 50, 75, and 100 
percent maximum lateral control. Fig-
ure C-20 shows maximum roll rate and 
bank angles, minimum wing tip clear-
ances, and maximum lift losses due to 
BODY POSITION 
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Figure C-19. Sidestep Maneuver 
Capabil~ty -
Two-Body Aircraft 
LATERAL MAXIMUM MAXIMUM 
CONTROL ROLL RATE BANK 
-PERCENT -RAD/SEC ANGLE 
MAXIMUM (DEG/SEC) -RAD (DEG) 
50 0.12 (6.6) 0.19 (11.0) 
75 0.17 (9.6) 0.25 (14.5) 
100 0.20 (11.2) *0.26 (15.0) 
50 0.09 (5.0) 0.15 (S.5) 
75 0.12 (6.9) 0.21 (12.1) 
100 0.15 (S.S) 0.26 (15.0) 
50 0.06 (3.2) 0.10 (5.8) 
100 0.11 (6.4) 0.17 (10.0) 
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Figure C-20. S~destep 11aneuver Character~st~cs - Two-Body Aircraft 
60 
lateral control for the data points 1n 
Figure C-19. Note that during the C-5 
sidestep maneuver used for the compari-
son, the roll rate 1S not allowed to 
exceed 0.07 rad/sec (4 degrees/sec) and 
only 50 percent lateral control is 
used. These cond1tions correspond to a 
flight test point that is rated satis-
factory in the sidestep maneuver. 
None of the two-body aircraft 
matches the C-5, 50 percent lateral 
control sidestep maneuver capability. 
However, Figure C-19 shows that the 
34.8 percent semispan two-body aircraft 
wi th spoilers and ailerons can match 
the C-5 capability in the sidestep man-
euver at conditions of approximately 85 
percent lateral control with no limit 
on maximum roll rate. The maximum 
two-body aircraft roll rate during this 
maneuver is about 0.134 rad/sec (7.7 
degrees/sec) and the wing tip minimum 
ground clearance is about 13.4m (44 
ft). Th1S contrasts to the C-5 condi-
tions during this maneuver of .07 rad/ 
61 
sec (4 degrees/sec) maximum roll rate 
and w1ng tip minimum ground clearance 
of 16.5m (54 ft). 
As previously stated, this prelimi-
nary analysis shows that the 34.8 per-
cent semispan body location aircraft 
can execute the sidestep maneuver, but 
only with no roll rate restr1ctions and 
using approximately 85 percent lateral 
control. Prel iminary results from the 
NASA flight simulation confirmed that 
this maneuver is a reasonable test of 
lateral control capability. It appears 
that if an aircraft can achieve 0.52 
rad (30 degrees) of bank angle in 5.0 
seconds or less, the performance in the 
sidestep maneuver is adequate. This 
bank angle capab1lity is achieved with 
a 34.8 percent semispan body location 
<39.6m ( 130 ft) land ing gear separ a-
tion) or less, as shown in Figure C-16 
and explained above. Therefore. a 
maximum body separation distance of 
39.6m (130 ft) is selected for the 
point design aircraft. 
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APPENDIX D 
FLUTTER ANALYSIS METHODS AND PROCEDURES 
Flutter boundaries for the point 
design a1rcraft are computed using a 
flutter determinate solution with 
doublet lattice aerodynamics and 
coupled wing modes and presented at 
matched Mach numbers, veloc1 t1es, and 
altitudes. Whenever flutter insta-
bilit1es exist inside the required 20 
percent margin, opt1mum stiffness 
curves are defined by adding wing 
st1ffness where a maximum increase in 
flutter speed is obtained for the least 
weight penalty. After the new optimum 
st1ffness distributions are recycled 
through weight estimation and aircraft 
sizing programs, a new set of flutter 
boundaries are computed. 
Two separate computer programs are 
used for flutter c~lculations: one for 
flutter boundaries and the other for 
optimum stiffness d1stributions. Both 
programs use symmetric or antisymmetric 
v1bration modes derived from a wing 
beam model with rigid fuselage, empen-
nage, engines and pylon, and a k-type 
determinate solution to evaluate the 
flutter velocities. The program that 
calculates flutter boundar1es uses 
unsteady doub;Let lattice aerodynamics 
applied to all surfaces, coupled wing 
modes, and computes the flutter veloci-
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ties for 10 altitudes and 8 combina-
tions of fuel, cargo, and symmetr1es. 
Optimum stiffness distributions are 
computed at one altitude, symmetry, 
fuel, and cargo condition (generally, 
the most critical) using modif1ed un-
steady strip theory aerodynam1cs, 
applied only to the wing, and a set of 
uncoupled cant1levered w1ng bend1ng and 
torsion modes. Flutter derivatives 
(the change 1n flutter velocity d1vided 
by the weight penalty) are derived for 
each wing panel. Stiffness is in-
creased where the flutter derivatives 
are the largest and whenever possible 
is decreased for the smallest deriva-
t1ve values. Total stiffness changes 
are limited to effect an overall change 
in flutter velocity increment (the 
difference between required and actual) 
of 15 percent, which requires at least 
7 resizing steps to change the initial 
flutter velocity to the required flut-
ter velocity. Incrementing the wing 
st1 ffness val ues in thi s manner is 
1ntended to accomplish (1) more unifor-
m1ty of the flutter derivatives along 
the wing span, (2) accountability of 
changes in critical flutter mode char-
acteristics, (3) define lowest st1ff-
ness boundaries for all flutter modes 
encountered and (4) determine the least 
weight penalty required to achieve the 
20 percent flutter margin. 
Flutter boundaries are computed 
using a detailed representation of the 
configuration under consideration. 
Three-dimensional unsteady aerodynamlc 
influence coefficients are calculated 
for the wing, empennage, fuselage, 
engines, and pylons using a reasonable 
panel description for all components 
based on their expected effects on the 
flutter results. For instance, the 
wing panel description is more detailed 
than the fuselage since the wing is 
flexible and the fuselage is considered 
rigid. Similar statements exist for 
the panel arrangements of the other 
components compared to the wing. Illus-
trations of the doublet lattice panel 
descriptlons appear in Figures D-1, 
D-2, D-3, and D-4. Flutter results 
were verifled by using modified strip 
theory and a larger number of stream-
wise doublet lattice panel arrange-
ments. All analyses gave the same or 
very close to the same results. 
Coupled vibration modes are computed 
for the flexible wing with all other 
components rigid. Eighteen (18) 
coupled aircraft elastic, plus 3 rigid 
body modes were used in the flutter 
analysis for all configurations. These 
modes are based on weight and stiffness 
data provided by an ana1ytlca1 struc-
64 
tural weight estimation routine 
(Section 2.7.3). Coupled mode dis-
placements are computed for all 
flexible and rigid components for zero 
and mission fuel and zero and full 
cargo. Results of the vibration solu-
tion are 111ustrated as vector plots of 
the displacements at the leading and 
trailing edges of the lifting surfaces 
and at the elastic axis for other com-
ponents, as shown in Figures D-5 
through D-64 for the two-body MB2 air-
craft with the unswept center section 
wing and the optimum stiffness distri-
bution. Additional plots were com-
pleted for the other point design air-
craft as an aid to understanding the 
flutter mechanism; however, only the 
two-body data are given as a typical 
example of the analysis. Fifteen (15) 
elastic modes were plotted for the 
vibration mode plots because flutter 
involved only the first several elastic 
modes, and these plots were included to 
show that all of the low frequency 
vibration modes were included in this 
analysis. These modal data are used to 
compute the generalized mass (weight 
times the square of the modal dis-
placement), stiffness (generalized mass 
times the frequency squared), and aero-
dynamics (product of the complex panel 
lift, its respective modal displace-
ment, complex downwash, and dynamic 
pressure). These generalized matrices 
I 
Figure D-l. Doublet Lattice panel arrangement Single Body Reference SBR Aircraft 
Figure D-2. Doublet Lattice pancl arrangement 





Doublet Lattice Panel Arrangement 
Two-Body MB2 Aircraft 
Doublet Lattice Panel Arrangement 
Three-Body HB3 Aircraft 
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Flgure D-S. Displacement Vectors - Symmetrlc 
Mode No. 1 - Two-Body HB2 Alrcraft 
67 
Flgure D-6. Dlsplacement Vectors - Symmetric 
Mode No.2 - Two-Body MB2 Alrcraft 
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Flgure D-7. Displacement Vectors - Symmetrlc 
Mode No.3 - Two-Body MB2 Alrcraft 
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Flgure D-8. Dlsplacement Vectors - Symmetric 




Flgure D-9. Dlsplacement Vectors - Symmetric 
Mode No. 5 - T\-lO-Body MB2 Aircraft 
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Flgure D-IO. Dlsplacement Vectors - Synmetrlc 
Mode No.6 - Two-Body Mn2 Alrcraft 
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Flgure D-ll. Dlsplacement Vectors - Symmetrlc 
Mode No.7 - Two-Body MB2 Aircraft 
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Figure D-12. Dlsplacement Vectors - Syrnmetrlc 
Mode No.8 - Tuo-Body MB2 Aircraft 
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Flgure D-13. Dlsplacement Vectors - Symmetrlc 
Mode No.9 - Two-Body MB2 Alrcraft 
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Figure D-14. D1sp1acement Vectors - Symmetrlc 
Hade No. 10 - Two-Body MB2 Aircraft 
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Flgure D-15. Dlsplacement Vectors - Symmetric 
Hade No. 11 - Two-Body MB2 Aircraft 
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Figure D-16. Dlsp1acement Vectors - Symmetric 
Mode No. 12 - Two-Body 11B2 Aucraft 
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Flgure D-17. Dlsp1acement Vectors - SYTIIDetrlc 
Mode No. 13 - Two-Body MB2 Alrcraft 
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Flgure D-18. Dlsp1acernent Vectors - Symmetrlc 
Hode No. 14 - Two-Eody H132 Aucraft 
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Flgure D-19. Dlsplacernent Vectors - Syrnrnetrlc 
Mode No. 15 - Two-Body MB2 Alrcraft 
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Flgure D-20. Dlsplacernent Vectors - Antlsyrnrnetric 
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Hade No.2 - Two-Body MB2 Aircraft 
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Flgure D-22. Displacement Vectors - Antlsymmetrlc 
Mode No.3 - Two-Body MB2 Alrcraft 
84 
I If' I ,i';I' I:f, ,I \- I .1 I l'lrl :'~i+ I~ II '[ I '1111' I II ~I~II III tml HHHlmHH \ ' I l'!~'l~ I : I I,,~~,!f I m 1\ III ~ t 
I II I I twl~--4.4f.i-1'h+41+H-H1· +t!1.f+Jl+++++~:f'-i-l-l1f,H-'-IH+'i i 1\:1 \ I I I II I !' II I , I 
++
f¥++!4.;;i e++11+I' +1+lI-11++"4,~'lHtfHIlrI++HlNf' I~rj¥tjfl ItH'++ t++iI++1 1~P.rfH~hih-l~:i-t·t: ~iHl Hitttttt:t' tffittHl ttil fHl~, ft'l H;ip'ilH I: I t 11++1 ttl++j-j+ttf+ 
I I ' ~ I I \ ,f 1 W1JH!~,l1,l. f~' j.mH,HI.lJ.l.Il++I" Wf~1 HI, ~'~ 14-1' 'rI+I 'I' I; I !, I ': I I ~ 




i l ill! ,'1i: 1WIIII III ill mil I I -II "!J 111/11 Ijtl, li111 Ilil !Il I 
:1 , II I: Ii,TI, Hlilii! iii I II III!' I I iii lIT: il mn 1 I!, I I 
Fl.gure D-23. Dlsplacement Vectors - Antisymmetrlc 
Mode No.4 - Two-Body MB2 Alrcraft 
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Flgure D-24. Dlsplacement Vectors - Antlsymmetric 
Mode No. 5 - Two-Body MB2 Alrcraft 
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Flgure D-25. Dlsplacement Vectors - Antlsymmetric 
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Figure D-63. Dlsp1acement Vectors - Antlsymmetrlc 
Mode No. 14 - Two-Body MB2 Aircraft 
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are cast into the conventional flutter 
determinate solution and solved for a 
complete set of eigen values at each 
reduced frequency (semichord times 
frequency divided by velocity) value 
selected for this analysis. The real 
part of each eigen value is used to 
deterMine the frequency and velocity, 
and the ratio of the 1maginary to real 
part 1S interpreted as the requ1red 
structural damping to maintain harmonic 
motion. Results of these eigen value 
calculations are presented as velocity-
frequency plots, e.g., Figure 0-65, and 
veloc1ty-damping plots, e.g., Figure 
0-66. Constant values of reduced fre-
quency emanate radially from the ori-
g1n, e.g., Figure 0-65. The flutter 
point for each model is determined when 
the velocity-damping curve crosses the 
posi ti ve three percent damping value. 
A set of curves, i.e., veloci ty-fre-
quency and velocity-damping, are for 
each combination of fuel, cargo, al-
titude, Mach number, and configuration 
studies. Figures 0-65 through 0-112 
are velocity-frequency and velocity 
damping curves for the two-body MB2 
aircraft for selected altitudes at Mach 
numbers of 0.50 and 0.80. Similar 
curves exist for the other altitudes. 
Cargo condition are not included for 
conciseness. Flutter velocities from 
each set of curves representing one 
Mach number and altitude for a g1ven 
structural configurat10n are cross 
plotted on an intermed1ate summary 
curve of altitude versus flutter 
velocity in Figures 0-113 through 
0-130, for a specihc Mach number. 
When the flutter boundary is to the 
right of the constant Mach line the 
system is stable, to the left unstable. 
When the flutter points cross the 
constant Mach line then a matched point 
is determined and this point entered on 
the final summary plot of velocity, in 
equivalent airspeed, versus Mach 
number, e.g., Figure 0-114. Although 
only two Mach numbers are used in this 
analysis, i.e., 0.50 and 0.80, suf-
ficient information can be obtained to 
clearly establish trends for the 
flutter boundaries above, below, and in 
between the Mach numbers computed. For 
example, the most critical flutter mode 
in Figures 0-117 and 0-119 decreased by 
19.0 m/sec (37 knots) equivalent air-
speed at 12,192.0 m (40,000 ft) and 
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10.8 m/sec (21 knots) equivalent air-
speed at minus 6,096.0 m (20,000 ft) 
when changing from Mach 0.50 to Mach 
0.80. Using these changes in flutter 
velocity, the Prandtl-Glauert relation-
ship for other Mach numbers, changes in 
mass ratio, and the constant Mach lines 
drawn on the al ti tude-veloci ty plots, 
flutter velocities for other Mach 
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Flgure D-65. 
6.00 10.00 12.00 14 00 16.00 16 00 20 00 22.00 
FREQUENCY-HZ 
Symmetrlc Velocity - Frequency, Stiffness at 40,000 Ft 
0.50 Uach, Zero Fuel - Two-Body I1B2 Aircraft 
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Figure D-66. 
0.20 0 10 0.00 -0.10 -0.20 -0.30 -0.40 
STRUCTURAL DAMPING-G 
Symmetric Veloclty - Damping, Stiffness at 40,000 Ft 
0.50 Mach, Zero Fuel - Tuo-Body MB2 Aircraft 
-0.50 -0.60 
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Figure D-67. 
6.00 10.00 12.00 \4 .00 16 00 18.00 20.00 
FREQUFNCY-HZ 
Symmetric Velocity - Frequency, Stiffness at a Ft 
0.50 Mach, Zero Fuel - Two-Body MB2 Alrcraft 
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Flgure D-68. 
0.20 0.10 0.00 -0 10 -0.20 -0.30 
STRUCTURAL OAMPING-G 
Symmetric Veloclty - Damping, Stiffness at 0 Ft 
0.50 Mach, Zero Fuel - Two-Body HB2 Aircraft 
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Figure D-69. 
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FREQUENCY-HZ 
Symmetric Velocity - Frequency, Stlffness at -20,000 Ft 
















































0.50 0.40 0.30 
F~gure D-70. 
0.20 0 10 0.00 -0.10 -0.20 -0.30 -0 40 
STRUCTURAL DAMPINr,-G 
Symmetric Velocity - Damping, Stiffness at -20,000 Ft 










































6.00 6.00 10.00 12.00 14.00 16.00 16.00 20.00 
FREnU!:NCY-HZ 
Antisymmetric Veloclty - Frequency, Stiffness at 40,000 Ft 
0.50 Mach, Zero Fuel - Two-Body HB2 Aucraft 
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Figure D-72. 
o 20 0.10 0.00 -0 10 -0.20 -0.30 -0.40 
STRUCTURAL DAMPING-G 
Antlsymmetric Velocity - Damping, Stiffness at 40,000 Ft 
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Figure D-73. 
8 00 10.00 12.00 14.00 16 00 18.00 20.00 
FRErlIJF.:Nrv-Hl 
Antlsymmetric Veloclty - Frequency, Stiffness at a Ft 
0.50 Mach, Zero Fuel - Two-Body I1B2 Aircraft 
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Figure D-74. 
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STRUCTURAL OAHPING-G 
Antisymrnetric Velocity - Damping, Stiffness at 0 Ft 
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Figure D-75. 
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FREQUENCY-HZ 
Antisymmetric Veloclty - Frequency, Stlffness at -20,000 Ft 
0.50 Mach, Zero Fuel - T\vo-Body MB2 Aircraft 
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Figure D-76. 
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STRUCTURAL DAMPING-G 
Antlsymmetric Veloclty - Damping, Stiffness at -20,000 Ft 
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Flgure D-77. Symmetrlc Veloclty - Frequency, Stiffness at 40,000 Ft 













































0 0.50 0.40 o 30 0.20 0.\0 0.00 -0.\0 -0.20 -0.30 -0.40 
STRUCTURAL DAMPING-G 
Figure D-78. Symmetric Veloc~ty - Damping, Stiffness at 40,000 Ft 
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FREQUENCY-H"l 
Symmetric Velocity - Frequency, Stiffness at 0 Ft 
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STRUCTURAL DAMPING-G 
Symmetric Velocity - Damping, Stlffness at 0 Ft 
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STRUCTURAL DAMPING-G 
Symmetric Velocity - Damplng, Stlffness at -20,000 Ft 
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Figure D-83. Antisymmetric Velocity - Frequency, Stiffness at 40,000 Ft 
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STRUCTURAL DAHPING-G 
Antlsymmetric Velocity - Damping, Stiffness at 40,000 Ft 
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Figure D-85. Antisymmetric Velocity - Frequency, Stlffness at 0 Ft 
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STRUCTURAL DAMPING-G 
Antisymmetric Velocity - Damping, Stlffness at 0 Ft 
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Figure D-87. Antisymmetrlc Velocity - Frequency, Stiffness at -20,000 Ft 




























t.n U 0 















l~l~ Ii I 'I I I pi I I '11+11 +11-11 1+11-11+1 tI +m+I+IIHI I++II-I~l iHHHHII+I\ I il 1 I 'I 1'1 I" Ii J II I I [~I;;Slm III ill, \ I m ITi' I ! r' ,I \ f \ I I I I , 
tiL?' ,Ii I jI!1 I' il 111 I I Il I' I II !, I 
1: 'III ': I i," IT I III, 1111 'I I ! l' , I ' I ' I : ' I 
I 
I t 
'II! : : I II: j 11! Ii !IH+H-HI \ Hl++11-1I!;+l1I11 H++tHtlHIt+Htllt+!' ttttltHtlttttHHtHil 1 I I 
I I I , ~! I I Iittl ,I ' IJ P' I I' III j t I ! , i I, 
I, 11 I 
, 
, I 
t ' 1:Ti, I 1 , Ii il] i ,I I' I I' i I I t I illl!! 
j fii I II d I til I I I ' I 1 ~ I ~1jI.j1 I-lW"/pJ.+iil+i+lfttltr:++!:ll4l+l+!.l1 4l+i+HJ+I.i:mt4+1+l+H-H+lfH.l+l.J.+t+lH-J.H-f+!.Hl-WliI++H-!-4I++llH+I+m!AA+W+t+1 
lil~, t !!I II " 1 I I 1 it II, ' 1,/: ; I I I I Hl+1~ljIfl+II-I+III-II+I+lHll+lHll+lIIIII-III+\eI-I-+II+Il-II!lm~ml1+1C41II!1Jt.14+lmlHl 1 
IH;I n 11 I I I Ii I I I 11 I " ,If!: I , I ! 111 
I Ill' I 
fI 
~I~II I 'II I" l!1 ~l jill II I I J IIUII I, II Iii;' I I ' ~IIII+IlWlll-l+lll-lm+llJI!;-I+lIll+mJ.jml~~mll+lll-l-l#+l+I-HllllI-IlIllt 
'illIT! ' 1" III ,I I II 11\ I "III II! I I I t fit I I , 
91.60 0.50 0.40 
Figure D-88. 
0.30 0.20 0.10 0.00 -0.10 -0.20 -0.30 -0.40 
STRUCTURAL DAMPING-G 
Ant~symmetr~c Velocity - Damping, Stiffness at -20,000 Ft 
0.50 Hach, Miss~on Fuel - Two-Body HB2 Aircraft 
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Figure D-89. Symmetric Veloc1ty - Frequency, Stiffness at 40,000 Ft 
0.80 Hach, Zero Fuel - Two-Body HB2 Aircraft 
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Figure D-9l. Symmetric Velocity - Frequency, Stiffness at a Ft 
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Figure D-92. Symmetric Velocity - Damping, Stiffness at 0 Ft 
O.GO Mach, Zero Fuel - Two-Body MB2 Aircraft 
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Figure D-93. Symmetric Velocity - Frequency, Stiffness at -20,000 Ft 
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Symmetrlc Velocity - Damping, Stiffness at -20,000 Ft 
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Figure D-95. Antisymmetric Veloclty - Frequency, Stiffness at 40,000 Ft 
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STRUCTURAL DAMPING-G 
Figure D-96. Ant~symmetric Velocity - Damping, Stlffness at 40,000 Ft 
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Flgure D-97. Antisymmetric Velocity - Frequency, Stiffness at 0 Ft 
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Figure D-98. Antisymmetrlc Velocity - Damplng, Stiffness at 0 Ft 
0.80 Mach, Zero Fuel - Two-Body MB2 Aircraft 
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Figure D-99. Antisymmetrlc Velocity - Frequency, Stiffness at -20,000 Ft 
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STRUCTURAL DAMPING-G 
Figure D-100. Antisymmetric Velocity - Damplng, Stiffness at -20,000 Ft 
0.80 Mach, Zero Fuel - Two-Body MB2 Aircraft 
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Figure D-lOl. Symmetric Velocity - Frequency, Stiffness at 40,000 Ft 















































~Ij' ~,~+ ':I I '~I ' j I I I [I'Ll, ,tI I II! I I Ii I 'j ',Ii !UJUl 'lli , \"I! II: ~ll dl' lJjj !~I : i ll'l 
"Ifit 'Ii '; T, : ilil 11m II i [I, I I I I: I 'I : Ir lin! I11I I n I J, "n Ii;: 'ili Iill I, II 
~.60 0.50 0.40 0.30 0.20 0.\0 0.00 -0.\0 -0.20 -0.30 -0.40 
STRUCTURAL DAMPING-G 
Flgure D-l02. Symmetric Velocity - Damping, Stiffness at 40,000 Ft 
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Figure D-l03. Symmetric Velocity - Frequency, Stiffness at 0 Ft 
0.80 Mach, Hission Fuel - Two-Body MB2 Aircraft 
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STRUCTURAL DAMPING-G 
Figure D-l04. Symmetric Velocity - Damping, Stiffness at 0 Ft 
0.80 Mach, Mission Fuel - Two-Body MB2 Aircraft 
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FREQUENCY-HZ 
Figure D-l05. Symmetric Velocity - Frequency, Stiffness at -20,000 Ft 
0.80 Mach, Mission Fuel - Two-Body MB2 Aircraft 
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STRUCTURAL DAHPING-G 
Figure D-l06. Symmetric Velocity - Damping, Stiffness at -20,000 Ft 
0.80 Mach, M1SSlon Fuel - Two-Body MB2 Aircraft 
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Flgure D-l07. Antisymmetric Veloclty - Frequency, Stiffness at 40,000 Ft 
0.80 Mach, Mission Fuel - Two-Body MB2 Aircraft 
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STRUCTURAL DAMPING-G 
Figure D-lOS. Antisymrnetric Velocity - Damping, Stiffness at 40,000 Ft 
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Figure D-l09. Antisymmetric Velocity - Frequency, Stiffness at 0 Ft 
0.80 Mach, M1ssion Fuel - Two-Body MB2 Aircraft 
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STRUCTURAL DAMPING-G 
Figure D-llO. Antisymmetrlc Velocity - Damping, Stiffness at 0 Ft 
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Figure D-ili. Antisymmetric Velocity - Frequency, Stlffness at -20,000 Ft 
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Figure D-112. Antisymmetrlc Velocity - Damping, Stlffness at -20,000 Ft 
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F1gure D-113. Symmetric and Ant1symmetric Flutter Velocities 













-6 0 50 
, 
a 100 
0.50 MACH - MISSION FUEL 
FLUTTER l-10DE: 
a 1.38 Hz A/S 
o 1.2 Hz SYM 
<> 3.7 Hz SYM 
0.50 MACH LINE 
100 150 
200 300 400 500 600 
VELOCITY 
\ 
350 450 500 550 m/SEC 
I I 
700 800 900 1000 KEAS 
Figure D-114. Symmetric and Antisymmetric Flutter Veloc1t1es 
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Figure D-1l9. Symmetric and Antisymmetric Flutter Velocities 
at Altitude - Two-Body MBI Aircraft 
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Figure D-12l. Symmetric and Antisymmetric Flutter Velocities 
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Figure D-l22. Symmetric Flutter Velocities at Alt1tude 
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Figure D-l23. Antisymmetric Flutter Velocities at Altitude 
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Flgure D-l24. Symmetric and Antisymmetric Flutter Velocities 
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Flgure D-l26. Antisymmetrlc Flutter Velocities at Altitude 
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Figure D-128. Symmetric and Antisymmetric Flutter Velocities 
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Redistribution of stiffness values 
to increase the wing flutter velocity 
to its required level is accomplished 
using a flutter optimization computer 
program. An optimum set of stiffness 
values is defined when (1) flutter is 
outside the required 20 percent margin; 
(2) stiffnesses are at least those re-
quired for fatigue and fracture con-
siderations and static, gust, taxi, and 
maneuver loads; (3) uniform flutter 
velocity derivatives for the uncon-
strained wing panels; and (4) stiffness 
changes, to obtain uniform derivatives, 
do not cause other flutter modes to 
become more critical. An ideal stiff-
ness distribution is one where a change 
in flutter velocity for a change in 
weight is constant across the span. 
For instance, consider the case when 
one derivative is large for one wing 
panel and small for another, a lesser 
overall weight could be achieved by 
increasing the weight where the deriva-
tive is the largest and decreasing the 
weight by a larger amount for the 
smaller derivative so as to have the 
same f1 utter velocity with a lower 
value of weight. For the aircraft 
studied, such is not possible because 
of the four constraints noted above. 
However, the least weight penalty is 
deri ved by chooslng a path which re-
stricted the total change in flutter 
veloci ty to 15 percent of the total 
velocity change required to be outside 
the 20 percent flutter margin. In this 
case, the total velocity change is de-
fined as the dlfference between the re-
qUlred velocity and the flutter veloc-
ity for the initial condition which is 
less than the flutter margin require-
ments. As more weight, and thus stiff-
ness, is added to the wing panels with 
the largest derivatives and lesser 
amounts of weight to the panels with 
the smaller derivatives, the values of 
the derivatives tend to be uniform. 
That is, the larger derivatives de-
crease in value and vice versa. As re-
sizing steps were taken, in this case 
approximately seven, to move the flut-
ter velocity outside the flutter margin 
envelope requirements, other flutter 
modes would become critical and another 
set of derivatives for this new mode 
needed to be considered for weight and 
stiffness changes. Thus, this smaller 
step size tends to account, as much as 
practical, for changes in critical 
flutter mode characteristics and deriv-
ati ve uni formi ty. Since many sets of 
flutter calculations are required in 
such an endeavor, a simpler mathemati-
cal model is used. This model includes 
modified unsteady strip theory aerody-
namics for the wing, cantilevered wing 
bending, and torsion modes, and is used 
to optimize wing stlffness dlstribu-
tions at one fuel, cargo, symmetry, al-
titude, and Mach number. Cursory ana-
lyses for the other fuel, cargo, sym-
185 
metry, and Mach number conditions, us-
ing this simpler mathematical model, 
186 
are completed prior to computing a set 
of matched flutter boundaries. 
APPENDIX E 
FLIGHT SIMULATION DATA PACKAGE 
The final evaluation of any aircraft 
design lies in the opinion of a p1lot 
assigned to fly the design mission. 
Slnce there are possibly many unknown 
aspects of the routine usage of very 
large aircraft, a flight simulation 
effort is proposed. NASA-Langley is 
conducting such an experiment to inves-
tigate potential problem areas and to 
provide design criteria, if possible, 
associated with very large aircraft. 
The following data are provided to aid 
in this investigation for the moving 
base simulator at NASA-Langley. A com-
parison is to be made of five different 
very large aircraft designs shown in 
Figures E-1 through E-5. The first is 
the conventional single body aircraft 
with load carrying capabilities compar-
able to the mul tibody concepts devel-
oped. There are two, two-body designs, 
a three-body design, and a spanloader 
(taken from a previous study) used to 
study problems which may be configura-
tion dependent as well as si ze depen-
dent. 
Tabulated data are presented in 
Figures E-6 through E-8 1n a format for 
easy comparisons. General geometric 
and weight data are provided in Figure 
E-6. Stability and control derivatives 
are presented in Figure E-7. Incremen-
tal effects of ground proximity, ground 
spoilers, and flap effects are present-
ed in Figure E-8. Figures E-9 through 
E-13 show maximum and minimum thrust 
capabilities for each configuration and 
Figure E-14 presents the common engine 
response characteristics to be used for 
all configurations. Drag polars are 
presented in Figures E-15 through E-19 
for approach and landing flaps settings 
appropriate for each configuration. 
These data are for the low-speed 
landing task which is considered criti-
cal from a design point of view. The 
previously described offset maneuver 
shown in Figure C-15 is an example of 
the typical tasks. Most stUdies vary 
the altitude and offset distances. 
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SPEED 0.80 HACH 
PAYLOAD 350.000 kg (771.618 IB) 
RANGE 6.482 km (3.500 NH) 
OPERATING W1'. 376.164 kg (829.300 LB) 
GROSS WT. 959.665 kg (2.115.700 LB) 
BLOCK FUEL 195.226 kg (430.400 LB) 
ASPECT RA'lIO 9.21 
DOC 7.09 ¢/AHgkm @ 34.34¢ PER Ll1ER 
(11.91 ¢/AINH @ 1.30$ PER GAL.) 
...... --------122.5 m 
(401.9 FT) 
(408. 9 ~'r) 











350,000 kg (771,618 LB) 
6,482 km (3,500 NH) 
323,547 kg (713,300 LB) 
893,214 kg (1,969,200 LB) 
183,796 kg (405,200 LB) 
9.70 
6.47 ~/AHgkm @ 34.34~ PER LITER 
(10.87 ~/ATNH @ 1.30$ PER GAL.) 
1----------121.2 ID --------_ 
c 
(397.5 Fr 





Figure E-2. Two-Body MBI Aircraft - Point Design 
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SPEED 0.80 MACH 
PAYLOAD 350,000 kg (771,618 LB) 
RANGE 6,482 km (l,500 NH) -------------.-.-
OPERATING \If. 346,091 kg (76l,OOO LB) 
GROSS WT. 898,158 kg (l,980,lOO LB) 
BLOCK FUEL 168,827 kg (372,200 LB) 
ASPECT RATIO 11.62 -------- .. _-... 
DOC 6.29 ~/AHgkm @ 34.l4~ PER LITER 
-------------
(10.56 ~/ATNH @ 1.30$ PER GAL.) 
It---o -127.2 m -----I-I (417.l FT) 
__ ® -®-$"!'"-t-~-:.l-~-j-"!-J:--®-®-- L?~:=~c:-:::1f]4:~ ~, 
(115.0 FT) (282.1 FT) 
Fl.gure E-3. Two-Body MB2 Aircraft - Point Desien 
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SPEED 0.80 HACH 
PAYLOAD 350,000 kg (771,618 LB) 
RANGE 6,482 kill (3,500 NH) 
OPERATING WT. 338,845 kg (747,025 LB) 
GROSS WT. 913,490 kg (2,013,900 LB) 
BLOCK FUEL 187,904 kg (414,257 LB) 
ASPECT KA'UO 11.83 
DOC 6.69 ~/AMgklll @ 34.34¢ PER LITER 
(11.24 ~/ATNH @ 1.30$ PER GAL.) 
!--39.6 • --I 
(130.0 FT) 
~-~-= -,,:., ETl E'---~--0 
(246.3 FT) 
Figure £-4. Three-Body MB3 Aircraft - Point Deslgn 
Figure E-S. 
[ 90.S3 m ~-----(297 00 FT)-------I 
,
" ---100.89 m -----;-1 (331 00 FT) 
~~-6-1-6-IJsI'==6=(iiiiOj:;r(-~)¥~"==)=6='LI 1-6-l-6~~ 




~Il SINGLEBODY TWO-BODY THREE-BODY 
lltll - SBR MBI MB2 HB3 
&ROSS WeIGHT - kg (LB) 840,100 (1,852,100) 783,400 (1,727,100) 788,200 (1,737,700) 795,400 (1,753,600) ~ RlF - m2 (FT2) 1,618 (17 ,413) 1,454 (15,654) 1,458 (15,689) 1,352 (14,555) 
b REF - m (FT) 120 17 (394.25) 118.77 (389.67) 125.12 (410.50) 130.23 (427.27) 
<: REF - m (FT) 14.88 (48.83) 13.00 (42.63) 12.62 (41. 39) 11.24 (36.89) 
CG - % c 35 33 34 31 
CG RANGE - % c 34-42 33-46 34-43 21-44 
INI RrIAS XlO-6 
r",x (ROLL) - kg-m2 (SLUG F'f2~ 286.5 (211,4) 540.8 (399.0) 502.7 (370.9) 485.3 (358.0) 
Iyy (PI1CIl) - kg-m2 (SLUG P ) 432.7 (319.2) 209.0 (154.2) 194.1 (143.2) 106.9 (78.9) 
Izz (\AW) - kg-m2 (SLUG F'f ) 707.4 (521. 9) 744.0 (548.9) 658.9 (486.1) 584.2 (431.0) 
Ixz (PRODUCT) - kg-m2 (SLUG F'f2) 8.77 (6.47) 3.51 (2.59) 5.26 (3.88) 5.79 (4.27) 
PILOT LOCATION FRO}! CG. . 
X (FWD) - m (F'f) 45.8 (150.4) 29.9 (98.0) 30.4 (99 7) 24.8 (81.3) 
Y (LEF1) - m (Fl) 0.9 (3.0) 20.7 (68.0) 18.4 (60.5) 0.9 (3.0) 
-
Z (ABOVE) - m (F'f) 2.3 (7.5) 1.8 (6.0) 1.8 (6 0) 1.8 (6.0) 
FNG 1m. LOCATION FROM CG. 
INBD Y - m (FT) 19.5 (64.1) 5.9 (19.5) 4.8 (15.9) 31. 9 (104.7) 
Z (BELOW) - m (FT) 2.7 (8.8) 2.0 (6.4) 2.1 (7 0) 2 5 (8.2) 
MInDLE Y - m (FT) 29.3 (96.0) 32.4 (106.4) 32.6 (106.8) 31.5 (103.3) 
l (BELOW) - m (FT) 3.0 (9.8) 2.3 (7.4) 2.3 (7.6) 2.7 (8.8) 
OUtBD Y - m (FT) 39.1 (128.3) 42.2 (138.3) 44.4 (145.7) 47.5 (156.0) 
Z (BELOW) - m (FT) 3.3 (10.7) 2.7 (9.0) 2.9 (9.4) 2.9 (9.4) 
LANDING GEAR HEIGIlT-CG TO GROUND 
UNCOMPRES~ED - m (FT) 10.3 (33.8) 7.8 (25.6) 8.0 (26.3) 6.6 (21.8) 
COMPRESSED - m (F'f) 9.7 (31.8) 7.2 (23.6) 7 4 (24.3) 6.0 (19 8) 
TIRl SIZE - em (IN ) 132 x 51 (52 x 20) 132 x 51 (52 x 20) 132 x 51 (52 x 20) 132 x 51 (52 x 20) 
-- ---
Flgure E-6. General Geometry and Weight Data - Point Deslgn and 









66.4 (217 7) 
0.9 (3.0) 
3 0 (10.0) 
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Figure E-7. 
SINGLEBODY TIIQ-BODY THREE-BODY 
SBR HB1 HB2 H83 
5.04 5.10 5.21 533 
-0 252 -0.255 -0.261 -0 267 
0.0504 (-1% SH) -0.255 (5% SH) -0.0521 (1% SH) -0 267 (5% SM) 
0.403 o 408 o 417 o 426 
-5.56 -3.64 -4.90 -7.32 
-25.5 -20.7 -16.4 -23.4 
-0.925 -0.785 -0.788 -1.28 
0.216 0.202 0.206 o 353 
±O.44 (±25) :to 44 (:t25 ) :to 44 (:t25 ) ±O.44 (:t25 ) 
-2.42 -1.94 -1.83 -2.89 
0.566 0.516 0.501 o 840 
to.12 to -0.09 to.16 to -0.09 to.19 to 0 to 12 to -0.14 
(+1 to -5) (+9 to -5) (HI to 0) (+7 to -8) 
0.0981 0.0899 0.0734 0.0982 
-0.139 -0 143 -0.131 -0 140 
-0.407 -0.567 -0.589 -0.942 
-0 0526 -0.0610 -0 0808 -0.0805 
-0.473 -{I. 504 -0 642 -0 647 
0.164 o 186 -0.00596 -0 0209 
-0.123 -{I. 0881 -0.0793 -0 0736 
0.120 0.122 0.204 0.208 
0 0 0 0 
-0.0558 -0.0461 -0 0423 -0.0511 
o 00463 0.00509 0.00479 o 0108 
0.123 o 129 0.128 0.204 
to.61 (t35) to.61 <±3S) to.61 <±3S) to 61 (±35) 
:1;0.70 (t40) to.70 (t40) to.70 (t40) to.70 (t40) 
Stability Der1vatives - Point Design and 
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GROUND SPOILER EFFECTS 
dCD GR SP 
dCL GR SP 
(Cm Aero - 0 when ground 
spoilers are deflected) 
FLAP EFFECTS 
BF1 - RAD (DEG) 




Vapp (1 3Ve ) - m/SEC (KT) 
C1 Ba - 1/RAD 
Cn 8a -l/RAD 
c5F2 - RAD (DEG) 
aZL - RAD (DEG) 
CLmax 
c",zl 
VApp (1 3Ve ) - m/SEC (KT) 
C1c5a - 1/RAD 
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-0 112 
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o 87 (50) 






TWO-BODY 1HREE-BODY CANARD 
MB1 MB2 MB3 SPANLOADER 
o 0175 0.0175 0.0175 o 0292 
-0 0082 -0 0082 -0 0082 -0.0137 
-0 03 -0 03 -0.03 -0.03 
1 186 1.18b 1 186 1 186 
1.214 1 214 1 214 1 214 
-0.065 -0 065 -0.065 -0.065 
0.1220 0.1220 o 1220 0.1220 
-0.8 -0.8 -0.8 -0 8 
o 54 (31 1) 0.37 (21.4) 0.64 (36 9) o 52 (30 0) 
-0 20 (-11 61) -0 18 (-10.10) -0.20 (-11 41) -0.21 (-12.3) 
2.42 2.75 2 80 2.38 
0.10 0.10 0.10 o 075 
77 .6 (150.8) 72.9 (141. 7) 75.4 (146.5) 63.3 (123 0) 
-0 0914 -0.102 -0.100 -0 0857 
-0.00342 -0 000747 -0 000720 -0 00115 
0.87 (50) 0.87 (50) 0.87 (50) o 70 (40) 
-0.24 (-13.8) -0.24 (-13.6) -0.22 (-12 6) -0.27 (-15.6) 
2.65 3 24 2.97 2 5 
0.05 0.05 0.05 0.05 
74.1 (144.1) 67.1 (130.5) 73.2 (142.3) 61.7 (120 0) 
-0 125 -0.142 -0.139 -0.0966 
-0.0141 -0.00377 -0 00365 -0.00585 
Flgure E-8. Gear, Ground, Ground Spoiler, Flap Effects - POlnt Design 
and Canard Spanloader Aircraft 
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Figure E-ll. Thrust Available per 
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Figure E-lO. Thrust Available per 
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Figure E-12. Thrust Available per 
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Figure E-lS. Drag Polar - Approximate 
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Figure E-l4. Acceleration/Deceleration 
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Figure E-l6. Drag Polar - Approximate 















Figure E-17. Drag Polar - Approximate 
- Two-Body MB2 Aircraft 
2.5 ~ FLAPS 
~ FLAPS 0.52 RAD (30 OEG) 0.64 AA.D 0.87 AA.D 
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E-18. Drag Polar - Approximate Figure E-19. Drag Polar - Approximate 
- Three-Body MB3 Aircraft 


























LIST OF SYMBOLS/ABBREVIATIONS 
Aircraft 
Acquisition 
Fuselage Efficiency = container x-sec area x no. of sticks 
fuselage x-sec area 
Arnold Eng~neer~ng & Development Center 
Altitude 
Aspect Ratio 
Aeropropulsion Systems Test Facility 
Air Transport Associat~on 






Civil Aeronautics Board 
Compressibility Drag Coefficient 
Center of Gravity 
Unit lift 
Spanwise lift distribution 
Mean aerodynamic chord 
Average chord 
Total wing lift coefficient 
Section l~ft coefficient 
Centerline 
Cubic feet 
Fuselage body diameter 
D~ameter fuselage/wing span 
Body width to w~ng semispan rat~o 


























Wing span efficiency 
Elastic axis 
Equivalent Perceived Noise Level - Decibels 
Engine power setting and Percent Body Location 
Federal Aviation Regulation 
Feet 
Fuel Volume Ratio 
Gallon 
Generalized Aircraft Sizing and Performance 
Gross Weight 
Hertz (cycles/sec) 
Moment of Inertia 
1000 
Knots Equivalent Airspeed 
Knots True Airspeed 
Knots 
Secondary Structure Weight per unit total wing area and Mach number 




Cruise Mach number 



























Two-Body Aircraft (Straight Taper Wing) 
Two-Body Aircraft (Unswept Center Section Wing) 
Three-Body Aircraft 
Number of Engines 
Ultimate load factor for gross weight 
Ultimate load factor 
Nautical mile 
Neutral Point 
Nosewheel liftoff at rotation speed 
Operating weight 
Operating weight empty 
Pratt and Whitney Aircraft Company 
Roll acceleration (radians/sec) 
Payload 
Pounds per square foot 
Pounds per square inch 
Wing mounted nacelle, pylon, and engine weight to gross weight ratio 
Wing mounted fuselage, payload, and tail weight to gross weight ratio 
Outer wing to total wing area ratio 
Inner wing to total w~ng area ratio 
Taxi to maneuver load factor ratio 
Zero fuel weight to gross weight ratio 
Research & Development Test & Engineering 
Request for proposal 



























Wing frontal area 
Horizontal tail area 
Total wing area 
Single Body Reference 
Specific fuel consumption 
Static margin 






Thickness to chord ratio 
Equivalent wing thickness ratio (%) 
Effective thickness to chord ratio 
Outer wing effective thickness ratio (%) 
Inner wing effective thickness ratio (%) 
Flyover noise point 
Sideline noise point 






Tail volume coefficient 
Equivalent airspeed 















Stall speed with landing flaps 
Vortex lattice method 
Vertical Tail Volume Coeff~cient 
Distance between fuselages 
Weight 
Gross weight 
Weight - Secondary Structure 
Wing weight 
Zero fuel weight 
Wing loading 
Point location along chord 
Lateral CG location consistent with W
zf 
Fuselage (CG) lateral location to semispan ratio 
Fuselage (CG) lateral location to wing span ratio 
Incremental inner wing coefficient for 2.0g taxi due to landing gear 
location inboard of fuselage 
Unit chord location of elastic axis 
Body location in percent semispan and engine power setting 
Unit spanwise location of wing airload 
Unit spanwise location of outer wing airload 
Unit spanwise location of planform break 
Engine location 
Unit spanwise location of fuselage centerline 
Unit spanwise location of main landing gear 
Unit spanwise location of total wing mean chord 
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Correction factor for effective lift 
Outer wing correction factor 
Inner wing correction factor 
Unit spanwise loaction of engine CG 
Gust correction factor 
Taxi correction factor for 2.0g taxi 
Wing sweep angle 
Mid-chord sweep angle 
Leading edge sweep angle 
Taper ratio 
Break chord ratio 
Equivalent taper ratio 
Total root chord to reference wing root chord ratio 
Total wing average chord to reference wing root chord ratio 
Bank angle 
Maximum lift coefficient 
Lift curve slope 
Pitching moment curve slope 
Pitching moment at zero lift 
Pitching moment due to a 
Pitching moment due to q 
Pitching moment due to elevator deflection 
Lift due to elevator deflection 
Pitching moment due to stabilizer incidence 



















Yawing moment due to sideslip 
Rolling moment due to sideslip 
Side force due to sideslip 
Yawing moment due to roll rate 
Rolling moment due to roll rate 
Side force due to roll rate 
Yawing moment due to yaw rate 
Rolling moment due to yaw rate 
Side force due to yaw rate 
Yawing moment due to rudder deflect10n 
Rolling moment due to rudder deflection 
Side force due to rudder deflection 
Rolling moment due to aileron deflection 
Yawing moment due to aileron deflection 
Aircraft reference area 
Aircraft reference span 
Aircraft reference mean aerodynamic chord 
Center of gravity, % c 
Roll moment of inertia 
Pitch moment of inertia 

























Product of inertia 
Wing flap deflection 
Elevator deflection 













Aircraft angle of attack 
Aircraft angle of attack for zero lift 
Rate of aircraft angle of attack change 
Pitch rate 
Yaw rate 
o Time to achieve a 30 bank angle using full lateral control input 
Time to double amplitude for a pitch axis instability 
Static margin 
Ratio of the oscillatory component to the average component of bank angle 






Phase angle in a cosine representation of the dutch roll sideslip component 
(see reference 3) 
Ratio of the oscillatory component to the average component of roll rate 
following a rudder-pedals-free impulse aileron input (see reference 3) 
Maximum sideslip excursion occurring within 2 seconds or one half-period 
of the dutch roll, whichever is greater, for a step aileron command 
(see reference 3) 
Ratio of commanded roll performance to the applicable roll performance 
requirement (see reference 3) 
Short period natural frequency 
Short period damping ratio 
Dutch roll natural frequency 
Dutch roll damping ratio 
Roll mode time constant 
Spiral mode time to double bank angle 
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